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Problem Under Study:

Contract No. DAMD17-87-C-7155 addresses the mode of action of snake venom
cardiotoxins (CTXs) and the interaction of these toxins with a second snake
venom component, phospholipase Az (PLAz). Studies on presynaptically-acting
snake venom PLA2 neurotoxins examine whether similarities axist in mechanisms
between these toxins and the CTXs, or if the CTXs act synergistically with the
PLA2 neurotoxins. CTXs are potent membrane perturbing agents and PLAzs
hydrolyze diacylphosphoglycerides at the two position, generating two
biologically active metabolites - free fatty acids and lyscphospholipids. The
CTXs and PLA2s act in synergy to induce hemolysis of red blood cells and
skaletal muscle contractures. The CTXs and PLAzs are of special interest due
to the mutual potentiation obsarvea; that is, the hemolytic activity of CTX is
greatly increased by PLA2 and the hydrolytic activity of PLA2 is greatly
increased by CTX. Combinations of these agents with other toxins, such as the
prasynaptically-acting snake venom neurotoxins, which all possess PLAz
aciivity, would result in novel potent biological warfare approaches..
Additionally, based on our recunt studies, there are similarities between the
modes of action of CTX and presynaptically- acting snake venom toxins.
Therefore, a greater understanding of the modes of action of venom CTXs and
PLAz2s and their interactions has important military significance.

The specific problems addressed in this contract are:

1. what are the effects of CTX alone and CTX-PLA2 combinations on
contracture induction of human and rat skelatal muscle and on Ca2*
transients in human and equine lymphocytes?

2. What 1s the dependance of CTX action on fatty acid distribution and
the free fatty acid content of muscle and red blcod cells?

3. wWhat are the hemolytic effacts of CTX alone and CTX~-PLAz combinations
in red blood cells from different spacies?
4, wWhat are the effects of CTX on endogenous l1ipolytic anzymes in

skelatal muscle and red blood celis?

what is the role of toxin internalization in the action of CTX?
what are the similarities and diffarencas between CTXs and the
prasynaptically-acting snake venom PLA2s?

D n
P

Background:

Early studies in the isolation of protein components from snaka venoms
identified a number of toxic low molecular weight polypeptidas (ca. 6000 MW).
These toxins were identified in a number of laboratories and, because they
affacted a large number of systems, soma confusion arose as to the true site
of action of the toxins. The polypeptides were named according to their
observed toxic actions and included: cardiotoxins, which arrestad the heart
in systole (Sarkar, 1951; Lea et al., 1968): Cobramine A and B (Larsen and
wolff, 1968); cytotoxins (Braganca at al., 1967) and; direct-lytic factors
(Condrea et al., 1964). It latsr became apparent that these seemingly
different toxins indeed shared similar mechanisms when compared on the same
assay systems. The multitude of diffarent affects possessed by each of these
toxins ware suggested to be best described by the more general term memhrane-
active polypeptides (Condrea, 1374). However, the toxins have since been
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grouped together under the original name, cardiotoxin (CTX). CTXs are now
regarded as low molecular weight basic polypeptides that, among other effects,
depolarize and induce contractures in muscle (Chang, 1979) and hemolyze red
blood cells (Condrea, 1974; 1978). There appears to be considerable amino acid
sequence homology amcng the CTXs (Condrea, 1974). Despite considerable
research in this area, the specific mechanism(s) of action of the CTXs is(are)
unknown (Chang, 1979; Harvey; 1985).

Phospholipase Az (PLAz2; EC3.1.1.4; ca. 12,000 MW) is a major component of
bee and snake venom. PLA2 is a Ca?*-dependent enzyms (Shipoiini et al., 1971;
Tsai et al., 1985) that catalyzes the hydrolysis of phospholipids at the #2
position releasing lysophospholipids and, primarily, unsaturated free fatty
acids (Hanahan et al., 1960). The bee and cobra (Naja naja) venom PLA2 enzymes
readily hydrolyze biological phospholipid substrates, but are unable to
penetrate membrane bilayers (Zwaal et al., 1975; Sundler et al., 1978;
Fletcher et al., 1987). The inability to hydroiyze the inner phospholipids of
the bilayer does not relate to interactions of these primarily negatively-
charged phospholipids with spectrin (Raval and Allan, 1984), and can even be
observed in pure phospholipid vesicles (Sundler et al., 1978; Wilschut et al.,
1979). Hemolysis of fresh human red blood cells is not induced to any
significant extent by bee venom PLA2, even though almost all the phospholipids
in the outer leaflet of the membrane bilayer have been hydrolyzed (Zwaal et
al., 1975; Fletcher et al., 1987).

Louw and Visser (1978) reported that some CTX fractions were contaminated
with trace amounts of venom PLA2, which greatly potentiated the hemclytic
activity of the CTX protein. Trace ccntamination of crude CTX preparations
with PLA2 activity has confounded the interpretation of some of the toxic
acttons of CTXs, especially when tasted on hemolysis of erythrocytes (Harvey,
1985; Louw and Visser, 1978; Harvey et al,, 1983). Highly purified CTXs ara
considered virtually dsvoid of PLAz contamination and have considerably
raduced hemolytic potency compared to PLA2 contaminatad praparations. However,
the potency of CTX on other preparations, such as skeletal muscle, 1is
unaffected by PLA2 contamination. Therefore, PLA2 activity has been considered
to be essential for the hemolytic action of CTXs con erythrocytes, suggesting
the mechanism of action of CTX on the red blood cell does rot reflect the same
mechanism in skeletal muscle (Harvey, 1985). Howevei, more recent studies have
demonstrated that higher concentrations of PLA2 do act in synergy with CTX in
skeletal muscle and that the apparunt difference in action of the CTXs may be
related to differences in the concentration and type of free fatty acids in
the two tissues in the absence of CTX (Fletcher and Lizzo, 1987), not
differences in mode of CTX action.

One problem with determining the role of PLA2 activity in the action of
CTXs 1s that most investigators analyze PLA2 contaminattion of CTX preparations
by measuring the enzymatic activity on purified phospholipid or egg ycik
substrates by various titration assays. Titration assays measure fatty acid
release and cannot distinguish betwaen PLAY (EC 3.1,1.32; removal of fatty
acid from #1 position) and PLAz (removal of fatty acid from #2 position)
activities. PLA1 and PLA2 activities are collectively referraed to in the
present study as PLA activity. The results of titration assays are :onsidered
to accurately reflect PLA2 activity in venom raesearch, as PLA1 activity is nct
present at detectable levels in snake venoms (Rosenberg, 1979). CTX
preparations that have nu PLA activity on artificial substrates have been
assumed to be enzymatically inactive on biological membrane systems such as
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the red blood celi. Rosenberg (1979) has cautioned against such assumptions
about PLA2 activity and has suggested that PLA2 activity must be directly
determined on the biological substrate that is used for pharmacological or
toxicological studies.

Snake venom CTX shares many of the properties of bes venom melittin,
including interactions with PLA2. The action of melittin on biological
membranes has been better characterized than that of CTX, thereforo melittin
serves as a good model for CTX studies. Melittin, a low molecuiar weight
(2,840) polypeptide of 26 amino acids, comprises about 50% of the dry weight
of bee venom (Habermann, 1972). Among 1ts toxic actions, melittin causses
hemolysis of red blood cells and is cytolytic to other cell types (Habermann,
1972). Melittin enhances the rate of bee venom PLA2 activity 5~ to 6-fold on
sonicated (Mollay and Kreil, 1974) and up to 300-fold on nonsonicated (Yunes
et al., 1977) liposomes. Similar studies have not been conductad with CTX,
despite its reported interaction with PLA2. Understanding the mechanism by
which melittin enhances bee venom PLAz activity is important, as melittin is
used by investigators as a probe to activate tissue PLA2 activity (Mollay et
al., 1976; Shier, 1979). The use of melittin as a tissue PLA2 activator
evolved from the initial observations with bee venom and presumes some
specificity to this action. Recently investigators have proposed that melittin
enhances the rate of bee venom PLA2 activity on multilamellar vesicles
(nonsonicated l1iposomes) by converting these concentric bilayars into large
unilamellar vesicles and thereby exposing a greater phospholiipid surface to
the enzyme (Dufourcq et al., 1986). However, these studies did not actually
examine the interaction between melittin and PLA2 and were conducted in the
absence of Ca2*, which, in addition to supporting PLAz activity, normally
binds to the headgroup of phospholipids and stabilizes membranes. The absance
of this divalent cation rould have contributed to the destabilizing effect of
melittin on the multilamellar vesicles. Also, the conversion of multilamellar
vesicles to large unilamellar vesiclaes does not explain the enhancement of bee
venom PLAz on unilamellar substrates (sonicated iiposomes) by melittin (Mollay
and Kreil, 1974). However, melittin appears tc cause local perturbations of
bilayers (Dufourcq et al., 1986) that may somehow increase the access of PLA2
to the phospholipid substrate. As with CTX, it is difficult to isolate
melittin fractions that are free from contamination with venom PLA: activity
(Mollay et al., 1976).

The relationship between the potency of CTX and the lipid composition of
the target membranes is unclear (Condrea, 1379). It has been suggested that
tissues with higher levels of free fatty acids are less sensitive to the
interaction between CTX and PLA2 (Fletchar and Lizzo, 1987). The relationship
between free fatty acids and the response of membranes to CTX alone has not
been directly examined.

Internalization is required for the action of a number of bactarial
toxins (Middlebrook and Dorland, 1984). The rapid time to onset of effect
(seconds; Fletcher and Lizzo, 1987) suggests signal transduction i1s a more
1ikely mechanism for CTX action. Regardless the actual location of the toxin
molecule (inside or outside of the cell), it is important in deaveloping
prophylactic and therapeutic measures to determine accessibility of antibodies
to the toxin site for neutralization.




Rationale:

Saveral model systems were used to examine: (1) the mode of action of
snake venom CTXs; (2) the dependence of this action on the membrane 1ipid
composition; (3) the interaction of CTX with PLA activity; (4) the effects of
membrane composition on CTX action; (5) internalization of CT¢, and; (6) the
similarities and differences betwean CTXs and the presynapti-ally-acting snake
venom PLA2s. The idvantages and disadvantages of each system are:

1. Skeletal Muscle. Contractures cf skeletal muscle are teliaved to reflect
the "true” cardiotoxic mechanism of CTXs. A special advantags of this
preparation is that we have access to human skeletal muscle, which
differs from the commonly used rat diaphragm preparaticn in Ca2¢
dependence of CTX action (Fletcher and Lizzo, 1987). Disadvantages of
skeletal muscle are the great degrae of biological variability involved
.in examining contracture induction, the small number of studies that can
be run in a single day and the inatility to conveniently use fluorescence
probes to directly monitor myoplasmic Ca2+ concentrations or patch-clamp
elactrophysiology to directly axamine ion currents.

2. Erythrocytes. Despite some disagreement (Harvey, 1985), the action on
red blcod cells may reflect the "trus” cardiotoxic mechanism of CTXs
(Fletcher and Lizzo, 1987). Tha red blood cell has many advantages,
including: it is a simple model system in which all the lipids ars
contained in the plasma membrans (no organelles in erythrocytes); red
blocd cells of different 1ipid compasition can be cbtained from & wide
variety of spacies (we have contacts with University of Pennsvivania
School of Veterinary Medicine and the Philadalphia Zoo); the hemolysis
assays with red blood calls allow many experiments to be conducted in a
single day on the same datch of cells and they are far less subject to
biological variability than skeletal muscle. The disadvantages of RBCs
ara the limited number of toxins that are active on them and their
paucity of responses that camn be examined, as appossd to excitable cells
(muscle and nerve).

3. Lymphocytes. We have racently demonstrated lymphocytes to be a target
for CTX action. Lymphocytaes, 1ike red blood cells, can be obtained from a
large number of species. Patch-clamp electrophysiology for monitoring
plasmalammal ion currents and direct monitoring of cytoplasmic Ca2* can
be done with lympnocytes. Lymphocytes can be preloaded overnight with
radiolateled lipid precursors and subtle aspects of lipid metabolism
examined the following day. Disadvantages of lymphocytes include their
lack of availahility (they must be isolated rapidiy from fresh blood ~
free donors are scare) and limitad number of iun currents (primarily K*+).

4, Platelets. Plataelets are a rich source of tissus PLA2 activity. Human
platelets are readily available from the Red Cross.

5. Synaptosomes. Synaptosomes, or other nerve preparations, are essential
for studies on presynaptically acting PLA2 neurotoxins, as thesa toxins
are spacific for nerve tissue. Synaptosomes have the sdvantages that that
they provida a relatively large tissue mass fcr bilochemical studies of
presynaptic terminals impossible tn obtain with phrenic nerve-diaphragm
preparations, intrasynaptosomal Ca2?* can be mcnitored with fluorescent -
dyes and acetylcholine release can be monitored with radiolabeled
choline, The major disadvantage of synaptosomas is that they are not
currently a good model for PLA2 toxin studies. The reasons that they are
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not appropriate are: they have greatly elevated fatty acid levels that
may mask subtle effect of PLAz toxins, and; the optimum conditions for
simulating the action of the toxins at the neuromuscular junction have
not been satisfactorily worked out. We are attempting to correct these
problems.

6. Cell Lines. Cell linss provide homogeneous biological material. They can
be rich in jon currents, depending on the cell type. The epithelial
cells, like lymphocytes, have an advantage over muscle in that
intracellular cytosolic Ca2* concentrations can be monitored directly
with fluorescence probes, such as indo-1. Additionatly, patch-clamp
aelectrophysiclogical studies can be conducted in which the effact of the
toxin on spacific membrane currents can be directly examined. Skeletal
muscle patch-clamp studies require the use of cell culture, which might
suppress exprassion of toxin sensitive channels (appears to ba the case
in cultured human and equine skeletal muscle; unpuolished observations).
The advantage in using both cell types is that epithelial cells have Ca2*
and voltage activated K* channels and lymphocytes have K* channels
inhibited by Ca2*+, Additionally, cell lines can be used for detailed
anaysis of 1ipid metabolism, as the phospholipid and neutral lipid pools
can be readily radiolabeled overnight. Cell 1ines aloow extensive 1lipid
metabolism studies as they can be readily radiolateled. The major
disadvantages of cell lines are the time spent cloning and naintaining
the cells and the "abnormal” responses that may be induced by either
culture conditions or the procass of immortalizing the cells.

7. Primary Cell Cultures. Primary cultures allow a far greater number of
different patients and animals to be examined than cell lines.

8. Artificial Membranes. Artificial membranes can be prepared in many
different forms, all of which yield different types of information
ragarding membrane perturbing agents. The membranas can be: mixed
micellas, which are monolayers of phospholipid and a detergent (usually
Triton X-100); unilamellar vesicles, which are bilayers of either a
single phospholipid or mixture of phospholipids, and; muitilamellar
vasicles, which are concentric bilayers of phospholipids. These different
membranes, all having different amounts of phospholipid exposed to the
incubation medium, can be used to examine substrate availability and
membrane penetration in PLA2 studies. The primary disadvantage of these
preparations is their dissimilarity in behavior to more complex
biclogical membranes.

The role of PLA2 activity in the mods of action of the toxins can be
examined by removing Ca2* from the incubation medium, or by replacing Ca?*
with Sr2+, This approach is applied in the curraent Annual Report to the
hemolytic actisn of tha CTXs.

The affects of the toxin on 1ipid metabolism of the rad blcod cell,
primary cell cultures and cell lines can be directly examined using gas
chromatographic analysis of free fatty acids or the metabolism of radiolabeled
phospholipids. Highly detailed studias of sffects on endogenous lipid
metabolism can be conducted in primary cell cultures and cell lines with
neutral and phospholipids preradiolabeled by feading the zells '4C-fatty acids

overnight.
Internalization of the toxin can te determined in a number of ways. Our

initial studies examined the patterns of phospholipid hydrolysis and free

8

_ I IIIII b ‘!u|




fatty acid release. The studies in the current Annual Report examined the
internalization of PLA2 by the CTXs and melittin, az determined on artificial
bilayers.

The synergistic intaraction between CTX and PLAz can be examined using
artificial substrates. Knowing that about 70X of tne phospholipid is in the
outer layer of liposomes, monitoring the extent of phospholipid hydrolysis can
provida information on the ability of the PLA2 to panetrate bilayers.

g~-bungarotoxin (B-BTX) and othar prasynaptically-acting snaka venom
PLA2s exhibit a triphasic action on acetylicholine releass from the phrenic
nerve-diaphragm preparation (Chang, 1979). The observation of these phenomena
is based on electrophysiological studies of events (EPPs, MEPPs) having
durations of milliseconds. The relative insensitivity of even the most
sensitive blochemical assays for acetylcholine requires that the transmitter
be collacted ovar pericds of sasconds to minutes. Therefore, extensive analysis
of the time and concentration depsendence of B-8TX action must be done in order
to recreate in this biochemical model the same effects observed in the
elactrophysiological modal. V'a have previously developed a cruda method with
which the second and third phases of the triphasic effest can be emulated in
this biochemical model (Fletcher and Middlebrook, 1986). However, tha model
has to be refined, including application to a more highly purified
synaptosomal fraction and improvment of the methods of isolation to reduce the
axtensive lipolysis that occurs during homogenization. Once this model nas
been sufficiently developaed, than it can be applied to studies comparing the
mechanisms of CTX action to those of the PLA2 neurotoxins.

Experimental Mechods:

Materials. Venou from Vaja naja atra, CTX from Naja naja kaouthia vanom
(Lot® 125F-4007), pee vencm PLA2 (Apfs mellifera), melittin, B-bungarotoxin,
Tris base, Hepes (4-(2-hvdroxyethyi)-1-piperazineethanesulfonic acid), Mas (4-
morpholineethanasulfonic acid), bovine serum albumin (fatty acid fres),
2’-7"-dichlorofluorescein, free fatty acid (methylated and unmethylated)
standards, phospholipid, triglyzerida and cholasstero’ standards, snd butylated
hydroxytoluene were purchased from Sigma Chemical Company {St. Louis, MO). CTX
from Naja naja atra vencm was purified from venom by funic exchange
chromatography, as described in the first Annual Repcrt. The N. n. kaouthia
and N. n. atra CTX fracticns each appearad on SDS-PAGE slab gels as a single
protein bard of about 7,000 MW. Tha FLA2 from N. n. atra venom was provided by
Dr. Leonard Smith.

Hemolysis of Erythrocytes. Erythrccytes were obtained from the American
Red Cross Blood Sarvices and storad as CPD whola blood (AS-1) at 4°C. Thesae
cells ware used within about two weeks (plus or minus) of their axpiration
date.

Bafore incubation with toxin arythrocytas wers washed three times in
HEPES buffar (HEPES 20 mM, NaCl 130 mM, room temperature, pH adjusted to 7.4).
Following the final centrifugation step 4 ul aliquots of packed red blood
c3lls ware aduded to 0.6 ml1 of the incubation medium (HEPES buffar with
indicated pH, temperatura, concentraticn of divalent cation and glucose). The
preparations were incubated for 2 hr with or without toxin, centrifuged arJd
hemoglobin relsace acstimated by reading the sbsorbance of the supernatant at
540 nm., The 100% hemolysis point was destermined by incubating 4 u' of
arythrccytes in 0.6 m) of distilled water. Blanka ccntaining no CTX wera
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subtracted from all samples.

Treatment of Toxin Fractions With p-Bromophenacyl Bromide. Irreversible
inactivation of PLAz activity was done by the method of Pieterson et al.
(1974). Bee venom PLA2 and N. n. kaouthia CiXs (30 uM) were incubated for 0 or
20 hr at 37°C in 6C0 pul1 of sodium cacudylate buffer (0.1 M) containing NaCl
(0.1 M), p-bromophenacyl bromide (300 uM; aoded from 10 mM stock made up in
acetone) and adjusted to pH 6.0. Following the reaction with p-bromophenacyl
bromide, PLA2 activity and hemclytic activity were determined, A mixad micalile
substrate comprised of phosphatidylcholine from egg yolk (5 mM} and Triton X-
100 (10 mM) was used to determine PLA2 activity. The phospholipid was
aevaporated to dryness under Nz. Subsequently the detergent and { ml buffer
{Tris (100 mM), bovire serum albumin (0.5%), and Ca2* (2 mM), pHd adjusted to
7.4] were added and the preparations were sonicated until clear. Treated PLA:z
or CTX (CTXs were frozen and lyophilized first to concentrate the toxin) was
added to the substrate buffar and the samples ware incubated for 30 min at
37°C. The incubation was terminated by addition of extractiun mixture and the
free fatty acids were then titrated (Dole, 1956). Hemolytic activity was
tested as described above using a 60 ul aliquot of the p-bromophenacyl
bromide-treated toxin (3 uM final toxin concentration) and adjusting the
hemolysis HEPES buffer (HEPES 20 mM, NaCl 130 mM, Ca2* 2 mM) to pH 9.0 prior
to addition of the toxin. The final pH of the actt.l incubation medium after
mixing the cacodylate and HEPES buffers was 7.8.

Preparation of Mixed Micelle, Unilamellar and Multilamellar Substrates.
Mixed micelles were prepared by avaporating the appropriate phospholipid
substrate to dryness undsr Nz and adding Triton X-100 at the indicated ratio
to PC. Tris buffer (Tris 100 mM; Cal* 2 mM; BSA, 0.5%, pK 8.0) or HEPES buffer
(HEPES 20 mM, Ca2* 2 mM, BSA 0.5%, pH 7.4) was added and the preparations were
sonicated until clear. Radiolabeled substrate, L-3-PC (1-stearoyl-2-[1-
V4CJurachidonyl), was added t this latter buffer at a concentration of 1C uM.
Multilamellar vesicles were prepared by lyophilizing egg yolk PC overnight to
remove all organic solvents. Tris buffer was &dded and the phosphclipid (1 mM
final concentration) was allowsd to swell at room tempe:itura for 2 hrs. Small
unilamellar vesicles were prepared in the same mannar as the multilamellar
vasiclas, except that the preparations were sonicated for 20 min before use.

Gas Chromatographic Analysis of Fatty Acids. Lipids were axtracted from
blocd cells (Fletcner et al., 1987; Fletcher at al., 1990b) and the free fatty
acids separated and analyzed by gas chromatography as thair methyl esters, as
previously described (Fletcher et al., 1987; 1988; 1989; 1990b; 199GCc).

Detarmination of Phospholipase Az Activity. The substrates above were
incubataed with or without PLAz, CTX or melittin for the indicated time and
temperature. The incutation was terminated by extracting and titrating the
free fatty acids {Dole, 1956), or, when using radiolabeled substrates, the
incubates (1 m!) wera extracted with 2 ml CHiCH, ard, after 30 min, 2 ml CHZla
and 1.5 m] H20 ware added. The lower phase {chloroform) was removed and
evaporated under Nz and brought up in 200 ui of CHCl3 for spotting on silica
gel plates., The reutral 1ipids were separated by 1-D TLC, as previocusly
described (Fietcher et 2l., 1987). The plates wers dried and the lanes scanned
for racdioactivity with a Raytast (McMurray, PA) RITA Radio TLC Imaging
Analyzar (Fletcher et al,, 1990a; 1930d). Free fatty acids were identified by
comparing Re values with radiolabeled standards developed in separate lanes on

each TLC piate,
Radiolabeling Lipid Fractions in Skeletal Muscle Primary Cultures.
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Priwmary cultures of human and equine skelatal muscle will be derived and
maintained as previously described (Wieland et al., 1939). Cells are
radiolabeled with '4C~1inoleic acid for 3 days, as previously described for
airway epithaliai ceil lines (Fletcher et al., 1990a; 1930d). The lipids are
extracted, separated by 1-D TLC ard radioactivity determined by scanning the
plate, as previously described (Fletcher et al., 1990a; 1930d).

Preparaticn of Synaptosomes and Determination of Acetylcholine (ACh
Release) and Choline Uptake. Studies were done using the crude P2 pellet
preparation, as previously described (Fletcher and Middlebrook, 1886), or the
synaptosomal preparation described bv Dunkley et al., (1988). Briefly, whole
brain from rat or mouse is homoganized (1t g tissue per 9 m1) in a Teflon-glass
homogenizer containing sucrose (0.32 M), EDTA (1 mM), dithiothreitol (0.25
mM), pH 7.4 (4°C). The homogenate is centrifuged (1,000 x g; 10 min) and the
suparnatant adjusted to 14 ml for a protein concantration of 5 mg/ml. The
supernatant is applied to a discontinuous Percoll gradient (2 ml each 23%,
15%, 10%, 3% Percoll; v/v; pH 7.4) and centrifuged at 32,500 x g for 5 min.
Fractions 3 and 4 will be used in our studies. Incubation of the synaptosomes
with radiolabeled choline and 8-BTX, centrifugation (microcentrifuge; 4°C) of
the samples and removal of the supernatants is similar to previous studies
(Fletcher and Middlebrook, 1986). ACh release is determined by lyophilizing
the supernatant overnight. The sadiment is resuspended in methanol (50 ul),
spotted on TLC plates, devaloped in one dimension with n-
butancl:methanol:acetic acid:ethylacetate:water (4:2:1:4:3; Bluth et al.,
1980) and the radioactivity corresponding to ACh and choline analyzed by an
imaging scanner. Choline uptake was performed basically as previously
described (Fletchar and Middiebrook, 1986), except that the synaptosomes were
filtered (Whatman GF/B filters) to terminate uptake in a Hoefer FH224V filter
holder and washed twice with 10 m1 cold (4°C) buffer. Scinti Verse™ II
(Fisher Scientific Co.) was used for liguid scintillation counting.

Rasults:

PROBLEM 1. What are the affects of CTX alone and CTX-PLA2 combinations un
contracture induction of human and rat skeletal musclie and on Ca2* transients
in human and equine lymphocytes?

No studies specifically related to this problem were conducted this year.

PROBLEM 2. What is the dependence of CTX action on fatty acid distribution and
the free fatty acid content of muscie and red blood cells?

No studies specifically related to this problem were conducted this year,

PROBLEM 3. What are the hemolytic effects of CTX alone and CTX-PLA2
combinations in red blood cells from different species?

The effects of prior p-BPB treatment and the presence of Ca2*, Sr2+ or
MnZ* in the incubation medium on the hemolytic action of N. n. kaouthia CTX
has previously been reported. We had assumed that the effect of all these
conditions waould be tha same for the N. n. atra CTX. However, repeating this
analysis with a much highar volume cf packed red blood cells (to be compatible
with the fatty acid analysis described below), we reprcduced the same effects
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with the N. n. kaouthia CTX, but found that the N. n. atra CTX did not have
the Sr2+-supported hemolytic activity observed with the N. n. kaouthia CTX
(Figure 1). The Mn2* blank was high (about 4-5x normal) in tnese experiments
for reasons apparently related to the large volume of cells used (data not
shown). The entire hemolytic activity of the N. n. atra CTX that was
independent of PLAz activity was observed in a Mn2*-containing medium, as
Judged by the similarities between p-BPB-treated and nonp-BPB-treated C1Xs in
hemolytic activity in Sr2+* medium (Figure 1). In contrast, the N. n. kaouthia
CTX had a Sr2+-supported hemolytic activity evident even after p—-BPB
treatment. Notice that the N. n. atra CTX has a much greater PLAz-dependent
component than does the N. n. kaouthia CTX (Figure 1).

PROBLcM 4. What are the effects of CTX on endogenous lipolvtic enzymes in
skaletal muscle and red blood cells?

In addition to the studies on CTX, we have been conducting studies on
another cardiotoxin-1ike peptide (meiittin) from bee venom. Melittin has been
reported to activate bee venom (Mollay and Kreil, 1974) or endogenous (Mollay
et al., 1976) PLAz activity. We had demonstrated in a previous quarterly
report that cardiotoxin fractions "appear”™ to activate endogenous PLAz, but in
reality are contaminated with trace amounts of PLAz activity. Some
inconsistencies have been observed with melittin as an activator of endogenous
PLA2 (Metz, 1988; Rosenthal and Jonec, 1988). These reports prompted us to
reaxamine malittin and CTX to determine if the alleged “activation of
andogenous PLA2" {s due to contamination of the toxin fractions with their
respective venom PLA2s. Recently we have directly examined the effects of
melittin on endogenous PLAz activity in a more direct manner than other
investigators. Since melittin and CTX potentiate PLAz activity, it makes
1ittle sense to compare the affects of PLAz in the absencs of melittin or CTX
to those of melittin or CTX containing PLAz contamination. As previously
reported, melittin fractions can be treated with p-bromophanacyl bromide (p-
BPB) (melittin has no histidine groups to react with p~-BPB) to inhibit PLA2
activity contaminating the fraction without affecting the activity =7 the
melittin molecule.

Effacts of melittin on endogenous PLA2 activity in airway epithelial calls
Three different cell lines were radiolabeled with '4C-fatty acid prior to
beginning the experiments (Table t; Fletchar st al., 1890d). There was a
slight diffarence in labeling for tha different cell lines in tha absence of
toxin that was not of any consequence to the outcome of this specific study
(Table 1). However, since one of the cell lines was from a cystic fibrosis
patient (CFNP1), thaese studies may have some significance in understanding
1ipid metabolism in this disorder and in better understanding the toxin
action. Bee venom PLA2 caused a significant decrease in total phospholipid
corresgonding to the increased free fatty acid (Table 2). The native melittin
fraction caused greater hydrolysis of phospholipids than did bee venom PLA:2
(Table 2). The predominant phospholipid hydrolyzed by addition of the melittin
fraction was phosphatidylcholina (Table 3). There ware no significant effects
of either PLA2 or melittin on the diglyceride or triglycaride fractions (Table
2). Howaver, the triglyceride fraction was not highly labaled in these cel}
lines. The percentage of bee venom PLAz contamination in the melittin fraction
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was estimated to be about 0.1X based on pravious studies. Treatment of
melittin fractions with p-BPB decreases the PLAz activity of these fractions
by greater than 95%, as determined using radiclabeled substates. Pretreatment
of the melittin fraction with p~BPB for 20 hrs at 37°C greatly reduced the
PLA2 activity, relative to the native toxin, when the toxin was subsegquently
added to the cells, as judged by increased label associated with total
phospholipid, decreased (75X) free fatty acid (Table 2) and decreased
hydrolysis of phosphatidylicholine (Table 3). The free fatty acid values for
the p-BPB-treated melittin fraction are not significantly different from the
control values by the Newman-Keuls test. However, the individual values for
the control preparations (0.8%, 1.3%, 3.4%, respectively, for HUNNNMAS-301,
BEAS-2 and HUCFNPAS-101) compared to those for the p—~8PB treated preparations
(4.4%, 10%, 15%, respectively), suggest some residuai PLAz activity may remain
associated with this fraction. When bee venom PLA2 is added to the p-&FR-
treated fraction at an amount approximately equal to the estimated
contamination in the native melittin fraction, phospholipid hydolysis returns
to the levels of the native melittin fraction. The native melittin fraction
and p-BPB-treated melittin plus PLA2 treatments result in identical valuas for
the decrease in phospholipid, increase in free fatty acid (Table 2) and the
hydrolysis of phosphatidylcholine (Table 3).

Effects of CTX on aendogenous PLAz and other lipolytic activities in primary
culturaes of skeletal muscle

Wa tested the uptake of four different fatty acids (18:0; 18:1; 18:2 and;
18:3) in primary muscle cell cultures. Human primary muscle cell cultures were
radiolabelad with '4C-fatty acid for 24, 48 or 72 hrs (Table 4). The
nonessential fatty acids (18:0 and 18:1) appeared to be taken up less
preferentially (18:0), and/or undergo consicerable metabolism and loss of
total radiolabel (18:0; 18:1), We verified that the specific activities of the
stock fatty acids were almost identical to rule out differances in specific
activities as accounting for the lower counts for 18:0 and 18:1. We decided to
continue to radioclabal cells with 18:2, as this fatty acid is normally
abundant in ¢ell phospholipid and neutral lipid fractions, unlike the low
lavels of 18:3 (see Fletchar et al., 1988) and does not appear to undergo
extensive metabolism (Table 4), In ganeral, we have found that “oldar
cultures” (those plated for 3-4 wks) exhibit much greater radiolabeling of
cardiolipin

Human primary muscle cell cultures wera radiolabelad with '4C-fatty acid
prior to beginning the expariments (Table 5). In the first culture tested CTX
(10 uM; 2 hrs) caused a specific decrease in cardiolipin (plus a slight
decreasa in totzl phospholipid) in parallel with an increase in diglyceride
and free fatty acid. Also, there appeared to be a dacrease in cholesterol
esters. Both of these actions (cardiolipin aid cholesterol ester hydrolysis)
would produce free fatty acids. In addition, hydrolysis of cardiolipin
producas diglycerides. Pretreatment of the CTX fraction with p-BPB for 20 hrs
at 37°C greatly reduced the PLA2 activity due to snake vanom PLA2
contamination, relative to the native toxin (unpublished observations).
Addition of p-BPB-treated CTX to the calls did not alter the patterns of lipid
distribution relative to the native CTX. This observation, plus tha lack of
evidence for hydrolysis of any phospholipid except cardiolipin (not by a PLA:
mechanism), suggests that PLAz contamination in this highly purified CTX
fraction 1s insignificant and plays no role in the action of highly purified
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toxin on biological substrates.
In cultures t wk old CTX clearly caused a time-dependent decrease 1in

cholestarol esters and triglyceride in parallel with an increase in
diglyceride and free fatty acid (Table 6). We examined shorter incubation
times with toxin (5-60 min) than those in the above study (2 hrs). In
contrast to our previous study, cardiolipin was not hydrolyzed to any great
extent in the first study of the present quarter (Table 8). Consistent with
specific hydrolysis of these neutral 1ipids, the phospholipid fraction
remained about 70% of the total radiolabel (Table 8). Note that the
cardiolipin fraction was not well labeled in Table 2. We attributed this to
the age of the culture. .

We repeated this study with an older cell culture (2 wks after plating)
and verified that cardiolipin is better labaled in aged cultures (Table 7).
Cardiolipin was only slightly, if at all, decreasad by CTX. Therefore, the
effect of CTX on cardiolipin metabolism appears to require a longer time than
the 1 hr period used in the present study. In agreement, relatively long
incubation periods are required for hemolysis of red blood cells (see first
Annual Report). The major effect of p~-BPB treatment was to decrease
triglyceride levels relative to those observed with the native toxin (Table
7). It is possible that the triglyceride and cholesterol ester levels ars high
relative to the native Loxin due to elaevated PLA2 activity (vencm anzyme
contamination) in the native fraction. The free fatty acids would be diverted
to the pool of trigiycerides. in support of this hypothesis, phospholipid
levals arae lowar and free fatty acid values are higher with the native toxin
relative to tha p-BPB-treatad toxin (Table 7).

A number of factors affecting the studies of CTX action have been
identified. These includae: 1) the type of fatty acid used to label the cells
(prefar 18:2); 2) the age of the cell culture (2 wks better than 1 wk for
labeling cardiolipin and cholesterol aesters); 3) the time of exposure to CTX
(the Jonger the better); 4) the use of highly purified and p-BPB-treated
fractions. Future studies examining CTX action will invoive longer incubation
times (60-120 min) with the 3 uM concentraticn of CTX and higher
concentrations (ca. 10 uM) of toxin at these same times. "Oidar” (ca. 2 wk)
cultures will be used to optimize labeling of cardiolipin phosphatidic acid
and cholesterol estars with 18:2.

We have found that more consistent results in cell cultures of skeletal
muscle are obtained with a concentration of 10 uM Naja nsja kaouthia CTX and a
2 hr incubation periocd. Both the nativae and p-bromophenacyl bromide (p-BPB)-
treated Naja naja kaouthia snake venom CTXs cause the production of
diacylglyceride and free fatty acid in primary cultures of skeletal muscla
from normal or malignant hypertharmia susceptible patients (Table 8). This
tabla demonstrates the typical variation batween 35 mm culture dishes from the
same patient. Note that the normal patients also exhibit a decrease in
phospholipid labeling; whareas the malignant hyperthermia patients exhibit a
decreass in triglyceride labaling (Table 8). Tha effects on triglyceride
metabolism appear to relate specifically to the malignant hyperthermia
disorder and not to the relatively higher l2val of radiolabsling of
triglycerides in the malignant hyperthermia patients. For examnle, primary
cultures from a normal patiant with high triglyceride labeling do not exhibit
a significant decrease in triglyceride radiolabel with toxin treatment (Table
9). Tha importance of reducing the venom PLA2 contamination in the CTX
fraction can readily ba seen with the less highly purified CTX from Naja naja
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atra snake venom (Table 10). Notice that p-BPB treatment of the fraction
dramatically reduced PLA2 activity. Comparing larger patient populations
(rather than the individual patients in Table 8), the relationship between
decreased phospholipid and the effects of CTX on normal cells is maintained
(Table 11). Also, al] cells treated with the toxin (native or p-BPB-treated)
exhibit increased digiyceride and free fatty acids (Table 11). Calls from the
two malignant hyperthermia patients both exhibited decreasad triglyceride
(Table 11). Also, the malignant hypertharmia cells treated with the toxin
(native or p-BPB-treated) exhibit increassd digiyceride and free fatty acids
(Table 11). In general, normal equine muscle cells are similar to normal human
cells in response to the CTX fractions (Table 12). In contrast, cells from a
horse with hyperkalemic periodic paralysis did not exhibit the production of
diglyceride (Table 12), but did exhibit the increase in free fatty acids.
while the results are rather preliminary, it appears that melittin has a
slightly different effect on normal muscle than does snake venom CTX (Tabls
13). First, the triglyceride decrease seen only in malignant hyperthermii
muscle with CTX 1s seen in normal muscle with melittin (Table 13). Next tha
ratio of free fatty acid production to diglyceride production by melittin is
greater in muscle from malignant hyperthermia patients than normals (Table
13). There is also a sslective hydrolysis of phosphatidylcholine by the Sigma
fraction and large decrease in phospholipid labeling cdue to the PLA2
contamination in this fraction (Table 13; Fletcher et al., 1990),

Effacts of CTX on hydrolysis of red blood cell phospholipids

We axamined the hydrolysis of red blood cell phospholipids by fractions
of bee venom PLAz (BVPLA2), snake venom (N. n. atra) PLAz (SVPLAz2), N. n.
kaouthia CTX (NnkCTX), N. n. atra CTX (NnaCTX) and p-BPB-treated derivatives
of the CTXs (NnkCTXB, NnaCTXB). The PLA2s and untreated CTX fractions

" (especially that from N. n. atra venom) caused extensive hydrolysis of

phospholipids, as evidenced by very high levels of fatty acids relative to
preparations not exposed to toxin (Table 14). Inactivation of the PLA2
contamination in the CTX fractions by treatment with p-BPB totaily abolishes
any PLA2 activity on red blood cells, suggesting sither: (1) CTX does not
activate endogenous PLA2 enzymes, or (2) there is no PLA2 enzyme 1in red blood
calls for the toxin to activata.

Effects of melittin on bee venom PLAz activity

A1l of the studiss in the present report were done with p-BFB-treated
melittin. The p-BPB-treated melittin contains about 1.2% of the PLA2
contamination contained in the native fraction (unpublished obsarvations -
determinad on mixed micelle substrates). We examined the effects of melittin
on an arachidonic acid containing substrate embedded ir an egg yolk PC:Triton
X-100 matrix, or in MLVs or ULVs. Radiolabeled L-3-PC (1-stearoyl-2-{1-
'4Clarachidonyl) was used to daetarmine the level of hydrolysis in all cases.
The incubatas were extracted and radicactivity in tha neutral lipids analyzed
by radioimaging scanning of TLC plates. We first examined the affscts of PLA2
concentration on the Ca2* and NaCl-dependent melittin stimulation of the
hydrolysis of mixed micelles. There was no stimulation of PLA2 activity by
melittin in the presence of Ca2* alone (i.e., in the absence of NaCl), despite
a range of phospholipid hydrolysis valuas in the absance of melittin of about
5 to 45% (Figures 2 and 3). Note that each figure is a separate set of
experiments and that these expariments are done on separata days. In contrast,
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melittin did stimulate bee venom PLA2 activity on mixed micalles under the
following conditions (Figures 3 and 4): 1) a NaCl concentration of 130 mM; 2)
a PLAz concentration > 5 nM (phospholipid hydrolysis > 15%) and; 3) a
concentration of melittin of 10 uM.

We assumed that the increase in amount of hydrolysis on ULVs and MLVs
with increasing concentrations of PLAz was dua to one of four possibilities:
1) PLA2 enzymes can penetrata bilayers, despite a large body of literature
indicating otherwise; 2) incomplete hydrolysis had occurred (not the wmaximum
extent) due to too short an incubation time; 3) the PLAz fractions may
contain trace contamination with melittin; and 4) nonproductive binding
occurs that inactivates the enzyme. We examinad the consequence of an
increased incubation time on bee venom PLAz2 activity on a ULV substrate. The
activity appeared to have already reached a plateau at 2 hr for a fixed
concantration of PLA2, suggesting that the PLAz enzyme doas nct panetrate the
membrane bilayer and that we were not dealing with incomplete hydrolysis
(Figure 4). However, the amount of hvdrolysis increased with increasing enzyme
cencentration (Figures 4A and 4B), defying rules of normal enzyme kineticc. We
conclude that traca melittin contamination in the bes venom PLA2 fraction
would be insufficient to allow the enzyme to penetrate the bilayer, based on
the high concentration of melittin relative to PiAz required for increasad
hydrolysis (Figure 5 and 6). The results obtained with ULVs and radiolabeled
substrataes consistently demonstrate the 2nhancement of PLAz activity by
melittin under every condition examined (e.g. Figures 5 and 7). Our previous
studies with MLVs suggested that Ca2* was essential for melittin to increase
the maximum extent of substrate hydrolysis by PLA2, but only at low (30 nM}
concentrations of PLA2. We repeated thesa studias und found that Ca2* was not
essential for this action of melittin (Figure 7). It is possible that at low
levals of hydrolysis the offects of melittin are less obvious, as
demonstrated on mixed micellas (Figure 3) and that this may sccount for our
previous regative findings.

In examining the time course of PLA2 activity on ULVs, we cbserved that
stopping the reaction with methanol and allowing the sampias to stand for up
to 3 hrs before completing the extraction steps (commonly used approach)
resulted in variable results, with greatar levels of hydrolysis associated
with shorter incubation times (Table 15). We attribute this to methanolysis of
the phosphalipids -~ replacing the fatty asters with methyl groups. An even
less satisfactory ¢ -7dition was stopping the reaction with EGTA (usaed by many
investigators), which resulted in reduced levels of hydrolysis in the early
time points (Table 15). We hava no explanation for this adverse eifect of
EGTA. The most consistent results were obtained when the specimens wera
immediataly extracted completely (Table 15).

Effects of snake venom CTX cn bee venom and snake venom PLA2 activities and of
malittin on snake venom PLA2 activity

We tested whether CTX could allow bae venom PLA2 to penetrate the bilayer
and whethar CTX had any stimulatory activity on bee venom PLA2 activity
(Figure 8). At low concentrations of bee venom PLA2 (<10 nM), CTX groatly
increased the enzymatic activity of the bee venom PLA2. However, at highar
concantrations of PLAz (2100 nM), CTX had no effect on phespholipid
hydrolysis. Thare was no apparant CTx-facilitated penatration of the membrans
bilayer at high concentrations of the bee venom enzyme (Figure 8), in
agreement with melittin (Figure 6).
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We compared the maximum extent of phospholipid hydrolysis by Naja naja
atra PLA2 to that of bee venom PLA2 and found that the concentration of the
snake venom anzyma had to be about 10-fold greater than the bee venom enzyme
for hydrolysis of the entire outer lsaflet of the membrane bilayer (compare
Tables 16 and 17 to Figure 4). Next we compared the effe<ts of snake venom
CTX and bee venom melittin on the snake venom PLA2 activity (Figure 9). CTX
had very little effect on high concentrations of snake venom PLAz (Figure 9A),
in agreement with bee venom PLAz (Figure 8). The maximum extent of hydrolysis
was less for the snake venom PLAz in the presence of CTX (Figure 9A), than in
the presence of melittin (Figure 9B). Examining the effects of NaCl and Caz+
on the interaction between snake venom PLA2 and CTX revealed that these
cations increase the maximum extent of hydrolysis (Figure 10). In the praesence
of Ca2* and/or NaCl, CTX did not further enhance the hydrolysis of ULVs by
the snake venom enzyme (Figure 10). We conclude that at high concentrations of
PLA2, CTX only seems to replace cations.

The PLA2 from Naja naja atra snake venom exhibits the same concentration-
dependent degrae of hydrolysis we previocusly observed for bee venom PLA2
(Tables 16 and 17). At a concentration of 3 uM, bee venom PLA: is capable of
hydrolyzing the ULVs to a greater extent than snake venom PLA2 (Table 16).
Unlike bee venom PLA2, which was unaffected by BSA (Figure 11), snake venom
PLA2 activity on ULVs is greatiy enhanced by the presenca of 92.5% BSA in the
incubation medium (Table 18). We previously reported that the interaction of
melittin with bee venom PLA2 was highly dependant on NaCl in the medium and
independent of Ca2*. The opposite 1s true for snake venom PLAz and CTX (Table
19). In the absence of BSA, NaCl antagonized tha annhancemant of snake venom
PLA2 activity by Naja naja kaouthia CTX (Table 19). The presence of CaZ*
ovarcame the inhibitory affect of NaiLl (Table 19).

PROBLEM 5. What 1s the role of toxin {iternalization in the action of CTX?
See PROBLEM 4,

PROBLEM 8. what are the similarities and differences betwaen CTXs and the
presy:.aptically-acting snake venom PLA2s?

Effects of nsostigmine and nonradiclabeled choline on '4C-choline and '4C-
acetylcholine release

Neostigmine at either 4 or 10 uM concentrrtions had no apparent effect on
the ralease of eithar '4C-choline or '4C-acetylicholine, except for a possible
slight decrease in choline release (Table 20). Therefors, the treatment with
neostigmine was ignored and the data were grouped to compare the prasence of
choline on '4C-cholina and '4C-acetylcholine releasa. The presence of
unlabeled choline appeared to affect the action of 8-Butx (Tible 20). Whii»
the prese..ce of unlabeled choline had very 1.ttla effect on '4C-choline
ralease, '4C-acatylcholine release was consive-ably increase in the abzencs or
preserce of 8-Butx. The effect of unlabeled choline on '4C-acetylcholine
ralease seemed more dramatic in the presance of #-B8utx (Table 20).

Time course of '4C-choline and '4C-acetylcholine release

In the rat synaptosomes, B-8utx and A23187 tresatment differ from control
release in that an early (2 min) stimuiated release of AC.. and cholina is
ohsarved (Table 21). After § min a depression of cumulative raelease is
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observed. In mouse synaptosomes (Table 22), the effects on depression of ACh
releasa of the same concentration of 8-Butx are less dramatic than in the rat
preparations (Table 21). The effects on choline release in tha mouse
synaptoscmes (Table 22) may be cpposite tc those in the rat synaptosomes
(Table 21). These studies also have to bte repeatad. Oddly, the mouse control
preparation, unlike the rat preparation, may stabilize and no longer exhibit
net ACh or Ch release after 10 min (Table 22). This may affect the
interpretation of the results.

Effects of a lipase inhibitor [p-bromophenacyl] bremide (p-8PB)] on 14C-choline
and 14C-acatylcholine release

The consequence of inhibition of PLA2 activity during synaptosome
isolation by p-BPB on ACh and Ch releases was examined in purified synaptosomes
(Table 23). There appeared toc be no dramatic advantage in using this agent.
However, the amount of ACh and Ch released was much higher than in the absence
of p-EPB, suggesting that either the loading was improved or the leakage is
enhanced by p-2PB. We have not varified that PLA2 activity was significantly
inhibited. '

Time course of B-Butx~ and A23187-1nduced '4C-choline and !'4C-acatylcholine
release from mouse synaptosomes

B-Butx (0.5 uM) and A23187 (20 uM) elicited time-dependent increases in
ACh release relative to control preparations (Table 24). Both agents had very
little effact on Ch release. Notice that these synaptosomes were prepared in
p~8PB (100 uM)-containing medium.

Effects of Loading Conditions on ACh Release

Loading conditions dramatically influence the viability of the
synaptosomes &and the subsequent release of ACh and Ch (Table 2£). While we
intend to examine other loading conditions in the future, the use of 37°C, 20
uM 14C-choline and a short loading period (30 min) appear to yield the best

results.

Choline Uptake

Since we were expsriencing considerable difficulties with the
acetylcholine and choline release £ssays, we decided to examine the effects of
low concentrations on toxin on cholina uptake. At least for the two toxins
tasted (B-bungarotoxin and Naja naja atra PLA2), the LDso potencies correlatad
with the putencies in antagonizing choline uptake, based on rather preliminary
findings (Table 26). This finding supports sarlier studies suggesting
inhibition of choline uptake may account for inhibition of acetylcholine
release (Fletcher and Middlebrook, 1986).

Technical difficulties

We have experienced considerable variability in the affects of the
toxins, high (40 mM) K* and A23187 on ACh and Ch raelease from tha purified
synaptosomal fractions, At times these agents have vaery marked effects on ACh
raleasa and at other times thaey have no affect. We have alsu noticed that the
bands on the Percoll gradients are not uniform from centrifuge tube to
centrifuge tube, despite similar protein loading from the same homogenate.
Therefore, we tested the four major bands, as regards ACh and Ch release to
determine if our problems might be related to variations in composition of
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Band 3 - our normal synaptosome preparation (Table 27). It is clear from these
results that only Band 3 yields results consistent with the recognized ACh
release process. Therefore, our previous experience with inconsistent results
could be dus to the potential instability and possible overloading of the
Percoll gradients.

Discussion and Conclusions:

Effects of snake venom CTXs con lipid metabolism in human red blood cells

Indirect approaches have suggested that the Naja naja atra and Naja naja
kaouthia CTXs both possess a Ca?*-dependent hemolytic action that may be
attributed to venom PLAz contamination in the CTX fractions (Jiang et al.,
1989). To more directly address this possibility, we have analyzed the frea
fatty acids produced by the CTX fractiors in erythrocvytes using gas
chromatography. The fatty acid generating activity of the CTX firactions was
complietely eliminated unider conditions (p-BPB-treatsd toxin) decreasing onily
the PLA2 activity contaminating the CTX fractions. Under this condition much
of the hemolytic activity of the Naja naja kaouthia CTX, but not the Naja naja
atra CTX, remained. These studies support the hypothesis that thaere is a
hemolytic component of at least one of the CTAs not dependent on PLA2
activity, but that is enhanced by PLA2z contamination.

Effects of snake venom CTXs and bee vencm melictin on lipid metabolism in cell
lines from airway epithelia and primary cultures from skeletal muscle

We found that in airway epithelial cells, 75% of the free fatty acid
production formerly attributed to activation of PLAz by commercial meiittin
was due to contamination of the melittin fraction with bae venom PLA2 protein
(Fletcher et al., 1990d; and current Annual Report). In addition to producing
free fatty acids, melittin and CTX elevate lavels of diglycerides in airway
epithelial cells (melittin) and skeletal muscle (melittin, CTX). The elevation
of free fatty acids and diglycerides is aven observed with synthetic melittin,
ruling out contamination by the venom PLA: as the sourca.

The effects of CTX on normal muscle cannot be attributed to activation of
tissue phospholipase Az activity, as suggested by other investigators (Mollay
et al., 1976), for the following reasons: (1) the decrease in phospholipid as
a percent of the total lipids observed with native toxin is antagonized by
pretreating the toxin with p-BPB (Table 11); (2) even though the venom
contaminant phospholipasa Az activity in the toxin fraction is abolished by p-
BPB treatment, the levels of free fatty acid and diglyceride formation are
unaffected, suggesting that the bulk of ths free fatty acids are derived from
a nonphospholipid, nontriglyceride source; (3) ths lack of specific
phospholipid hydrolysis, as evidenced by no change in the % distribution of
phospholipids. There is an asymmetrv of phospholipid distribution in the
membrane based on the preferred hydrolysis of phocphatidylcholine (PC) by Naja
naja atra phospholipase A2 contamination in the Naja naja atra CTX frection
(Table 10) and bee venom phospholipase Az contamination in the melittin
fraction (Fletcher et al., 1990d and Tabie 13). This asymmetry should have led
to preferential hydrolysis of the inner phospholipids (PI, PS, PE) by a tissue
phospholipase Az; (4) there is no evidence of lysophospholipid, although this
is usualiy only observed at high levels of hydrolysis due to preferential
radiolabeling of the unsaturated fatty acids at the #2 position of the
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phospholipids. We speculate that de novo synthesis is the major source of free
fatty acids in normal human skeletal muscle. Apparently triglyceride breakdown
is not involved in the process of fatty acid production in normal skeletal
muscle. In the case of skeletal muscle from malignant hyperthermia susceptible
patients, triglyceride breakdown may also contribute to, or may simply
parallel, free fattv acid and diglyceride synthesis.

Cardiotoxin and melittin interactions with snake and bee venom PLA2 iIn
artificial membranes

CTX and melittin share similar properties, including hemolysis of red
blood cells and acting synergistically with PLA2. Both toxins have been used
as probes to activate tissue PLA2 activity. The present study examined the
interaction action between either CTX or melittin and snake or bes venom PLA2.
The maximum extent of hydrolysis of the substrate, not enzyme activity per se
was studied on multilamellar and unilamellar vesicles to test if melittin or
CTX increases the activity of the PLAz enzyme by simply increasing the
substrate availability. Mixed micelles, which are readily hydrolyzed by both
PLA2s, waere used to test if factors other than allowing bilayer penetration
play a role in the interaction between PLA2 and the CTXs and melittin. To
avoid the confounding raesults obtained with trace PLAz contamination, melittin
fractions were treated with p~BPB to inhibit PLA2 activity. This treatment did
not affect the hemolytic activity of melittin, but greatly reduced PLA2
activity in the melittin fraction and, therefore, allowed the use of Ca2* in
the bathing medium.

Bee venom PLA2 is incapable of panetrating eithar natural (IZwaal et al.,
1975; Fletcher et al., 1987) or artificial (Sundler et al., 1978; wWilschut et
al., 1979) bilayers. The predicted order of extent of substrate hydrolysis by
this enzyme based on this simple fact is mixed micelle > unilamellar vesiclas
> multilamellar vesicles. The stimulation of PLA2 activity by melittin would
be predicted to be related inversely to the amount of substrate available to
the enzyme. The multilamellar vesicles have the least substrate availabie and
are the least readily hydrolyzed by the PLA2 enzyme in the absence of
malittin. If melittin simply formed a complex with phospholipids that makes
them more susceptible to attack, then hydrolysis of mixed micelles would also
be ennancad by the toxin. However, we observed no anhancement by melittin of
the rate of PLA2 catalyzed hydrolysis of aither the egg yolk PC, or
arachidonic acid-containing molecular species of PC.

while the formation of unilamellar vesicles from multilamellar vesicles
(Dufourcqg et al., 1986) might at least partially explain the activation of
PLA2 activity by melittin, the subsequent action of malittin on the bilayer is
less c¢lear. The effects of melittin on artificial substrates are complex and
extrapolation of these results to biological substrates 1s difficult. PC
bilayers can be converted to micelles (Dufourcq et al., 1988), whereas,
cardiolipin (Batenburg et al., 1987a) and other negatively charged
phospholipid (Batenburg et al., 1987b) vesicles can be converted to the Hiz
conformation. In contrast, melittin inhibits the natural Hir phase formation
typicail of phosphatidylethanolamine and stabilizes bilayer formation
(Batenburg et al., 1988). Dipalmitoyl PC and distearoyl PC mixtures do not
exhibit phase separation on addition of melittin; howevsr, addition of
dipalmitoylpghophatidylgliycerol to either of these phosphalipids does result in
phase separation (Laflaur et al., 1989). Formation of micelles (Dufourcq et

20




al., 1986) at small sites on the membrane does not fully explain the complete
hydrolysis of the substrates observed in the prasent study. However, it is
possible that hydrolysis of a region around a discoidal partical could aliow

penetration of thea PLA2 enzyme into the interior of the bilayer and thaen allow

complete hydrolysis of the interior phospholipids.

The present study demonstrates that melittin does not at all enhance the
action of bes venom PLAz on mixed micelle substrates in the absence of NaCl,
but does increase bee venom PLA2 activity on mixed micelles in the presence
of NaCl. These findings bring into question the use of melittin as an
activator of endogenous PLAz activity, due to the extreme lack of specificity
of this action, the high levels of phospholipid hydrolysis due to trace
contamination with bee vencm PLA2 and the apparent disruption of the membrane
bilayer by the toxin.

Our studies suggest that melittin and CTx act by similar, but not
identical mechanisms, based on similarities and diffarances in their
interactions with PLA2 and diffaerences in effects on lipid metabolism in cell
cultures. Certainly bee venom and snake venom PLA2s differ markecdly in their
interactions with CTXs and melittin. The Naja naja kaouthia CTX and meiittin
do possess activities not dependent on venom PLAz contaminatjon in the CTX
fraction. These toxins both elsvate free fatty acids and diglycerides. At this
time wa believe these elevated neutral lipids to be related to activation of
de novo synthesis of fatty acids by the CTXs.

21

»7)




Refarences:
Batenburg, A.M., Hibbeln, J.C.L., Verkleij, A.J. and de Kruijff, B. (1987a)

Melittin induces HII phasa formation in cardiolipin model membranes.
Biochim. biophys. Acta 903, 142-154.

Batenburg, A.M., van Esch, J.H. and Kruijf7, B. (1988) Melittin-induced
changes of the macroscopic structure of phosphatidyletharolamines.
Biochemistry 27, 2324-2331,

Batenburg, A.M., van Esch, J.H., Leunissen-Bijvelt, J., Verkleij, A.L. and de
Kruijff, B. (1987b) Interaction of melittin with negatively charged
phospholipids: consequences for lipid organization. FEBS Lett. 223, 148-154,

Bluth, R., Langnickel, R., Raubach, K.-H. and Fink, H. (1980) A simplified
enzymatic assay for the determination of acetylcholine and choline in
discrete structures of rat brain. Acta biol. med. germ. 39, 881-837.

8raganca, B.M., Patel, N.T. and Bandrinath, P.G. (1967) Isolation and
properties of a cobra venom factor selectively cytotoxic to Yoshida sarcoma
calls. Biochim. Biophys. Acta 136, 508.

Chang, C.C. (1979) The action of snake venoms on nerve and muscle. In: Snake
Venoms, p. 309 (Lea, C.Y., Ed.). Berlin: Springer-vVerlag.

Condrea, E. (1974) Membrane-active polypeptides from snake venom: cardiotoxins
and haemocytotoxins, Experientia 30, 121.

Condrea, E. (1979) Hemolytic effects of snake venoms. In: Snake Venoms, p. 448
(Lea, C.Y., Ed.). Berlin: Springer-verlag.

Condrea, E., de Vries, A. and Mager, J. (1964) Hemolysis and splitting of
human erythrocyte phospholipids by snake venoms. Biochim. biophys. Acta 84,
60.

Dole, V.P. (1956) A relation between non-esterified fatty acids in plasma and
the metabolism of glucose. J. c¢lin. Invest. 35, 150.

Dufourcq, J., Faucon, J.-F., Fourche, G., Dasseux, J.-L., Maire, M.L. and
Gulik-Krzywicki, T. (1986) Morphological changes of phosphatidylcholine
bilayers induced by maiittin: vesicularization, fusion, discoidal particles.
Biochim. biophys. Acta 859, 33-48.

Dunkley, °.R., Heath, J.W., Harrison, S.M., Jarvie, P.E., Glenfield, P.J. and
Rostas, J.A.P. (7988) A rapid Percoll gradient procedure for isolation of
synaptosomes directly from an S1 fraction: homogeneity and morphology of
subcellular fractions. Br. Res. 441, 59-71.

Fletcher, J.E. and Lizzo, F.H. (1987) Contracture induction by snake venom
cardiotoxin in skaletal muscle from humans and rats. Toxicon 25, 1003.

Fletcher, J.E. and Middlebrook, J.L. (1986) Effects uf beta-bungarotoxin and
Naja naja atra snake venom phospholipase A2 on acetylcholine releace and
choline uptake in synaptosomes. Toxicon 24, 91-99.

Fletcher, J.E., Erwin, K. and Krueger, L.J. (1990a) fatty acid uptake and
catacholamine-stimulated phospholipid metabolism in immorcalized airway
epithelial calls astablished from primary cultures. Biochem. Int., in prass,

Fletcher, J.E., Jiang, M.S., Yripolitis, L., Smith, L.A. and Beech, J. (1990D)
Interactions in rad blood cells betwean fatty acids and either snake venom
carciotoxin or halothane. Toxicon, in press.

Flatcher, J.E., Tripolitis, L. Erwin, K., Hanson, S., Rosenbarg, H., Conti,
P.A. and Baech, J. (1990c) Fatty acids modulate calcium-induced calcium
release from skeletal muscle heavy sarcoplasmic reticulum fractions:
implicaticns for malignant hyperthermia. Biochem. Cell Biol., in press.

Fletcher, J.E., Kistler, P., Rosenberg, H. and Michaux, K. (1487) Dantrolena
and mepacrine antagonize the hemolysis of human red blood cells by halothane

22




and bes venom phospholipase A2. Toxicol. Appl. Pharmacol., 36, 410,

Flatcher, J.E., Michaux, K. and Jiang, M.S. (1990d) Contribution of bee venom
phospholipase Az ccntamination in melittin fractions to presumed activatior.
of tissue phospholipase Az. Toxicon 28, 647-656,

Fletcher, J.E., Rosenberg, H., Michaux, K., Cheah, K.S., and Cheah, A.M.
{1988) Lipid analysis of skelatal muscle from pigs susceptible to malignant
hyperthermia. Biochem. Cell. Biol. 66, 917-921,

Fletcher, J.E., Rosenberg, H., Michaux, K., Tripolitis, L., and Lizzo, F.H.
(1989) Triglycarides, not phospholipids, are the source of elevated free
Tatty acids in muscle from patients susceptible to malignant hyperthermia.
Eur. J. Anaesth. 6, 355-382.

Habermann, E. (1972) Bee and wasp vencms. Science 177, 314-322.

HManahan, D.J., Brockerhoff, H. and Barron, E.J. (1960) The site of attack of
phospholipase (laecithinase) A on lecithin: A re-evaluation. Position of
fatty acids on lecithins and triglycerides. J. Biol. Chem. 235, 1917-1923,

Harvey, A.L. (1985) Cardiotoxins from cobra venoms: possible mechanisms of
action. J. Toxic.-Toxin Rev. 4, 41,

Harvey, A.L., Hid2r, R.C. and Khader, F. (1983) Effects of phospholipasa A on
actions of cobra venom cardiotoxins on erythrocytss and skeletal muscla.
Biochim. biophys. Acta 728, 215.

Jiang, M.-S., Fletcher, J.E. and Smith, L.A. (1989) Effects of divalent
cations on snake venom cardiotoxin-induced hemolysis and 3H-deoxyglucose-
6~phosphate releasa from human red blood cells. Toxicon 27, 1297-1305.

Lafleur, M., Faucon, J.-F., OuFourcq, J. and Pezolet, M. (1989) Perturbation
of binary phospholipid mixtures by melittin: A rluorescence and Raman
spectroscopy study. Biochim. biophys. Acta 980, 85-92.

Larsen. P.R. and Walff, J, (1968) The basi¢ proteins of cobra venom. I.
Isolation and characterization of cobramines A and B, J. biol. Chem. 243,
1283,

Lee, C.Y., Chang, C.C., Chiu, T.H., Chiu, P.J.S., Tseng, T.C. and Lee, S.Y.
(1968) Pharmacological properties of cardiotoxin isolated from Formosan
cobra venom. N.S. Arch. Pharmacol. 259, 360.

Louw, A.I1. and Visser, L. (1978) The synargism of cardiotoxin and
phospholipase A2 in hemolysis. Biochim. biophys. Acta 512, 163.

Metz, S.A. (1986) Lack of spacificity of melittin as a probe for insulin
release mediated by endogenous phospholipasa Az or lipoxygenase. Biochem,
Pharmacol. 35 3371-3381.

Middlebrook, J.L. and Dorland, R.B. (1984) Bacterial toxins: cellular

machanisms of action. Microbiol., Rav, 48, 199,

Mollay, C. and Kreil, G. (1974) Enhancement of bee venom phospholipase A2
activity by melittin, direct lytic factor from cobra venom and polymyxin 8.
FEBS Lett. 46, 141-144,

Mollay, C., Krail, 3. and Barger, H. (1976) Action of phospholipasas on the
cytoplasmic membrane of Escherichia coli. Stimulation by melittin. Biochim,
biophys. Acta 426, 317-324.

Pieterson, W.A., vVolwerk, J.J. and de Haas, G.H. (1374) Inter~ tion of
phospholipase Az and its zymogen with divalent metal dfons. ..ccremistry 13,
1439.

Raval, P.J. and Allan, 0. (1984) Phospholipid asymmatry in the membranes of
intact erythrocytes and in spectrin~free microvesiclies derived from them.
8iochim. biophys. Acta 772, 192-136.

Rosanbarg, P. (1973) Pharmacology of phosphclipases Az from snake venoms. 1in

23




Snake Venoms (Lee, C.Y., Ed.) pp 403-447, Springer- Verlag, Berlin.

Rosenthal, M.D. and Jones, J.E. (1988) Release of arachidonic acid from

vascular endothelial cells: fatty acyl specificity 1is observed with
receptor-mediated agonists and with the calcium 1{onophore A23187 but not
with melittin. J. C»11. Physiel, 136 333-340.

Sarkar, N.K. (1951) Actior sacnanism of cobra venom, cardiotoxin and allied
substances on muscl%s contraction. Proc. Soc. Exp. 8iol. 18, 469.

Shier, W.T. (1979) Activation of high levels of endogenous phospholipase A2
in cultured cells. Proc. Natl. Acad. Sci. 76, 195-199,

Shipolini, R.A., Callewaert, G.L., Cottrell, R.C., Doonan, §., Vernon, C.A.
and Banks, B.E.C. (1971) Phospholipase A from bea venom. Eur. J. Biochem,
20, 459-468.

Sundler, R., Alberts, A.W. and Vagelos, P.R. (1978) Phospholipases as probes
for membrane sidedness. Selective analvsis of the outer monolayer of
asymmetric bilayer vesicles. J. Biol. Chem. 253, 5299-5304.

Tsai, T7.-C., Hart, J., Jiang, R.-T., Bruzik, K. and Tsai, M.-D. (1985)
Phospholipids chiral at phosphorus. Use of chiral thiophosphatidylcholine to
study the metal-binding properties of bee venom phospholipase A2.
Biochemistry 24, 3180-3188,

wieland, S.J., Fletcher, J.E., Rosenberg, H. and Gong, @-H. (1989) Malignant
hyperthermia: slow sodium current in cultured human muscle. Am. J. Physiol.
257, C759-C765.

Wilschut, J.C., Regts, J. and Scherphof, G. (1979) Action of phospholipase A2
on phospholipid vesiclas: Preservation of the membrane permeability barrier
during asymmstric bilayer degradation. FEBS Lett. 98, 181-186.

Yunes, R., Goldhammer, A.R., Garner, W.K. and Cordes, E.H. (1977)
Phospholipases: malittin facilitation of bee venom phospholipase A2
-catalyzed hydrolysis of unsonicated lecithin liposomes. Arch. Biochem.
Biophys. 183, 105-112,

Zwaal, R.F.A., Roelofsen, B., Comfurius, P. and vanDeenen, L.L.M. {1975)
Organization of phospholipids in human red cell membranes as detected by the
action of various purified phospholipases. Biochim. biophys. Acta 406,

83-96,

24

g 2 T £

: ]
he R
i .
&n’mﬂm}‘i& ?

TSR a



N N R S

PR I

TABLE 1. Distribution of radiolabel in each cel1l line.

BEAS-2

Toxin LPC

Control 1
BY PLA2 2 nM g.
Melittin 2 uM 2
p-BPB Mel 2 uM 1.
p~-BP8 Mel + PLA:z 1

CFNP1

Toxin LPC

Control 0.
BY PLAz 2 nM 4.
Melittin 2 uM 1
p-BPB Mel 2 uM 2.

p~-B8PB Mel + PLA2 20

NNM3

Toxin LPC

Control

BV PLA2 2 nM
Melittin 2 pM
p~BPB Mal 2 uM
p-BPB Mel + PLA:2

WOU 20O
« .« e e
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TABLE 2. Distribution of
and into

phespholipids (PL)

Phospholipids

SM PC PI PS PE PA
% of Phospholipid Labeled)
5.0 67 11 3.6 12 0.0
5.8 54 14 3.7 12 0.0
9.7 32 19 3.4 8.8 2.9
3.2 53 11 2.8 21 1.6
7.0 23 21 3.2 10 4.7

Phospholipids

SM PC PI PS PE PA
% of Phospholipid Labeled)
2.2 45 9.0 3.5 30 2.0
3.3 38 12 3.7 23 3.1
6.3 24 18 3.3 12 5.8
4.0 59 14 2.9 14 0.8
9.5 29 23 2.8 9.1 2.8

Phospholipids

SM  PC PI PS PE PA
% of Phospholipid Labeled)
1.3 63 7.4 3.0 19 0.0
2.0 56 9.6 3.1 17 1.1
2.5 45 10 2.4 16 2.0
0.0 53 6.5 2.7 20 1.5
1.8 42 9.8 2.9 16 2.6
14C~1inoleic acid in lipid

spaecific nautral

]
1
CL , PL DG FFA TG
! (% Total Label)
0.0 } 90 3.1 1.3 5.4
0.8 , 66 3.1 18 12
3.6 |, 36 4.2 51 8.7
5.1 | 718 4.3 10 1.2
15 ; 42 4.0 46 7.8
H
CL, PL DG FFA TG
' (% Total Label)
8.4 88 3.6 3.4 5.0
12, 65 4.1 24 1.3
19 | 44 5.3 45 3.3
4.0 , 75 4.4 15 4.8
4.1, 36 4.8 53 5.5
'
cL{ PL DG FFA TG
' (% Total Label)
5.4, 88 2.1 0.8 8.7
9.2, 11 2.2 1.0 14
17, 51 3.3 25 21
15 1 81 3.0 4.4 11
21, 53 3.4 23 20

extracts (total counts), total

lipid fractions of immortalized airway

epithelial cell: after incubation in the absenca or presence of toxin,

Treatment PL L3 FFA TG
[x Total Label (mean+SEM)]
Contro]l 89+18.5.¢  2.9+40.4 1.8+0.8M:' 6.441,2
BV PLA2 2 nM 69+4a,d,8 3 1+0,5 16+53 K 1142
Melittin 2 uM 444459, 7  4.3+0.6 41+8M. 3,1 1145
p-BPB Mel 2 uM 78+2%.9 3.9+0.5 9.8+3.17.m 7,7+1.8
p-BPB Mal + PLA2 4445C.0.9  4,0+40.3  41+91.k,® {145
Cells ware prelabeled with '4C-1{noleic acid for 22 hrs.

incubated in

Significantly different

or P<.01 (a,b,c,d,e,f,a,h,i).
Abbreviations: see Fig. 2.

the absence or presence of toxin for

25

Total Counts

[CPM (mean+SEM)]

139,000+ 7,000
134,000+11,000
137,000+11,000
134,000+ 8,000
126,000+ 9,000

The c¢ells were ther

1 hr at 37°C, lipids extracted,
separated by 1-D TLC (Fig. 1A) and radiocactivity in each peak integrated.
Differences were tested for each lipid by a one-way ANOVA

and Newman-Keuls test,
values indicated by identical superscripts by P¢,05 (J,k,1,m




TABLE 3. Distribution of '4C-1inoleic acid in specific phospholipids of immortalized
airway epithelial cells after incubation in the absence or presence of toxin.
Phospholipids
Treatment LPC SM PC PI PS PE PA cL
[x of Phospholipid Labeled (meantSEM)]

Control 0.940.3 2.8+1.1 58478, 941 3.440.2 205 0.6+0.8 4.6+2.5
BV PLA2 2 nM 5.4+2.1 3.7+1.1 49346 1241 3.530.2 17+3 1.4+0.9 7.3+3.4
Melittin 2 uM 1245  6.2+42.1 34+6%.¢ 1643 3.040.3 12+¢2 3.6+1.1 1345
p-BPB Mel 2 puM 1.340.4 2.4%1.2 55+2¢  11#2 2.8+0.1 1842 1.3+0.3 B8.0+3.5
p-8PB Mel + PLA2 13+5  6.142.3 3146 1844 3.0+0.1 12+¢2 3.3+0.7 1345

Cells were prelabeled with 14C-linoleic acid for 22 hrs. The cells were then
incubated in the absence or presence of toxin for ¥ hr at 37°C, 1ipids extracted,
separated by 1-D TLC (Fig. 1B) and radioactivity in each peak integrated.

Differences were tested for each phospholipid by a one-way ANOVA and Newman-Keuls
test. Significantly different valuas indicated by identical superscripts by P<.05.

Abbreviations: see Fig. 2.

TABLE 4. Uptake of differant radiolabeled fatty acids {nto human primary muscle cell
culture. Each set of values reflects a different culture dish (i.e., nz=t1 for each
condition). These primary cultures were cbtained from a different investigators (T.
Heiman-Patterson) than those in Table t (Q.H. Gong).

Phospholipids :
Toxin LPC SM PC PI PS PE PA CL | PL OG FFA TG CHE | Total
(% of Phospholipid Labeled) ' (X Total Label) , Counts
18:0 : :
24 hr 0.0 0.0 45 16 8.0 13 6.1 13 |, 84 0.0 0.0 16 0.0 !} 2,915
48 hr 0.0 0.0 45 14 11 19 4.4 6.0 |, 94 0.0 0.05.7 0.0 ! 5,256
72 hr 0.0 0.0 50 8.8 3.4 12 11 i1 , 88 0.0 3.88.1 0.0 ! 6,133
) ]
] ]
18:1 ' i
24 hr 0.0 0.0 57 -—4,9~~ 13 ~-25-- , 84 0.0 0.0 18 0.0 | 8,085
48 hr 0.0 0.0 61 2.7 4.2 12 1.4 18 |, 86 0.0 0.0 12 1.9 , 9,134
72 hr 1.8 0.0 63 2.1 4.0 7.5 -=21-- , 90 0.0 0.0 t0 0.0 ! 6,557
1 1
] ]
18:2 ' H
24 hr 0.0 0.0 71 4.0 1.9 8.0 4.0 12 ! 69 0.0 0.0 28 .60 ) 21,290
48 hr 1.7 0.0 66 2.9 3.4 8.0 4.1 14 , 71 0.0 0.0 28 1.3 | 18,608%¢
72 hr 0.0 0.0 66 2.7 1.3 7.2 2.9 20 , 716 0.0 0.0 29 LTy 21,393
1 ]
] )
18:3 ' )
24 hr 0.0 0.0 65 2.0 0.9 8.4 6.9 17 . 46 0.0 0.0 S0 3.4 , 20,199
48 hr 0.0 0.0 6% 2.7 2.8 13 6.6 14 | 79 0.0 0.0 21 0.0 | 1t1,581x
72 hr 0.0 0.0 69 2.3 0.0 4.3 4.2 20 , 66 0.0 0.0 28 5.1 ! 5,684

Calls were prelabeiad with fatty acids for 24-72 bhrs, The lipids ware then
extracted, separatad by 1-0 TLC and radiocactivity in each peak integrated.
~-XX~-~ indicates that two peaks were not resolved and wera integrated as a single

peak.,
26



TABLE 5. Distribution of radiolabel 1in each human primary muscle cell culture.
Cultures were exposed to Naja naja kaouthia CTX (3 uM) for 2 hr (37°C). Each set of
values reflects a different culture dish (i.e., nz2 for each condition).

Phospholipids
Toxin LPC SM PC PI PS PE PA CL
(% of Phospholipid Labeled)

PL DG FFA TG CHE
(x Total Label)

1]

)

]

[}

i
Control 0.0 2.1 66 3.2 3.2 7.9 6.0 112 , 77 0.9 0.0 19 3.3
0.0 2.4 67 3.3 4.3 6.4 5.1 11 | 79 0.8 0.0 18 3.0
N.n. kaouthia CTX 0.0 2.7 69 3.2 4.2 10 4.3 6.7 , 75 1.8 1.8 19 2.5
0.0 2.3 70 3.2 4.1 9.2 4.9 6.6 , 74 2.1 1.8 20 2.6
p-BPB CTX 0.0 2.7 68 3.7 5.3 10 4.6 5.5 | 76 1.8 1.7 19 2.
0.0 2.1 67 2.8 4.3 8.5 6.0 9.2 | 72 2.1t 1.8 22 1.4

Cells were prelabeled with '4C~l1inoleic acid fer 22 hrs. The cells were then
incubated in the absence or presence of toxin for 2 hr at 37°C, lipids extracted,
separated by 1-D TLC and radicactivity in each peak integrated.

TABLE 6. Distribution of radiolabel 1in each human primary muscle cell culture.
Cultures were exposed to p-bromophenacyl bromide-treated WNaja naja kaouthia CTX (3
uM) for 5 to 60 min (37°C). Each set of values reflects a different culture dish
(1.8., n=2 for each condition). Note: This culture was used at approximately 1 wk
after plating. 1In contrast, the culture in the previous quarterly report was used at
about 2 wks after plating.

Phospholipids
Toxin LPC SM PC PI PS PE PA CL
(% of Phospholipid Labeled)

PL DG FFA TG CHE
(% Total Label)

1

]

)

]

'
Control 0.0 1.9 65 2.8 4.5 19 0.6 6.4 | 68 1.2 0.4 29 1.4
0.0 2.4 67 1.5 3.9 18 0.5 6.3 | 72 1.3 0.6 25 1.7
N.n. kaouthia CTX - - - - - - - - P73 1.3 0.7 23 1.3
(5 min) - - - - - - - - V- - - - -
N.n. kaouthia CTX 0.0 20 &7 1.7 4.0 18 0.0 6.8 ; 78 1.1 1.2 19 0.8
(10 min) 0.0 2.5 685 2.1 4.8 18 0.0 6.9 | 74 1.4 0.8 23 .1
N.n. kaouthia CTX 0.0 1.8 65 2.5 4.9 19 0.6 5.6 | 70 1.3 1.2 27 1.1
(30 min) 0.0 2.2 64 1.9 4.7 19 0.7 7.3 |, 69 1.4 1.0 28 0.3
N.n. kaouthia CTX 0.0 2.5 88 1.9 3.8 18 0.0 6.5 ; 73 2.1 1.6 23 0.2
(60 min) 0.0 2.1 65 2.7 4.3 19 0.0 7.0 , 73 2.3 2.3 22 0.3

Cells were prelabeled with '4C-1inoleic acid for 72 hrs. The cells were then
incubated in the absence or presence of toxin for 1 hr at 37°C, lipids extracted,
separated by 1-D TLC and radioactivity in each peak integrated.

- indicates sample was lost in processing.
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TABLE 7. Distribution of radiolabel 1in each human primary muscle cell culture.
Cultures were eaxposed to native Naja naja kaouthia CTX for 60 min or p-bromophenacyl
bromide-treated CTX (3 uM) for 5 to 60 min (37°9C). Each sat of values reflects a
different culture dish (i.e., n=2 for each condition). Nots: This culture was used at
approximately 2 wks after plating. In contrast, the culture in Table 6 was used at

about 1 wk after plating.

Phospholipids H
Toxin LPC SM PC PI PS PE PA CL | PL DG FFA TG CHE
(x of Phospholipid Labeled) i (% Total Label)

Control 0.5 2.0 61 2.9 5.0 14 1,0 14 ; 81 0.7 0.6 18 1.1
0.0 2.0 85 1.5 3.6 16 €.0 13 | 82 0.0 0.8 15 2.3

N.n. kacuthia CTX 0.0 2.1 64 2,2 3.8 16 1.5 10 ) 80 0.6 1.0 17 1.7
(5 min) - - - - - - - - ¢ 8 0.4 0.4 19 0.0
N.n. kaouthia CTX 0.0 1.6 62 3.3 4.8 16 1,1 11 ! 75 0.5 0.7 22 1.9
(30 min) 0.0 1.7 61 3.4 4.9 17 0.9 12 , 18 0.0 0.6 19 2.3
N.n. kaouthia CTX 0.0 2.1 83 1.9 3.8 17 0.0 12 ! 82 0.6 1.0 13 2.5
(60 min) 0.0 2.3 81 2.0 5.0 17 1.2 12} 83 0.7 1.0 13 2.5
N.n. kaouthia CTX 0.0 2.2 60 2.9 5.0 17 0.7 12 } 77 0.9 1.4 18 2.6
(60 min)~native 0.0 2.1 82 1.8 4.1 15 1.2 14 } 77 0.7 1.5 18 3.3

Cells were prelabeled with 14C-lincleic acid for 72 nrs. The cells were then
incubated in the absence or presance of toxin for 1 hr at 37°C, lipids extracted,
separatad by 1-D TLC and radiocactivity in sach peak integrated.

TABLE 8. Effezts of WNaja naja kaouthia CTX on lipid metabolism in human primary
skeletal muscle cell cultures. Examples of two types of responses to the toxin are
indicated based on culturss from two different patients, ons of which has a
skaletal muscle disorder that results in altered lipid metabolism. Confluent cell
cultures were radiolabeled to equilibrium with 1inoleic acid (3 days). Cultures
(35 mm dishes) were then incubated at 37°C for 2 hrs with or without (control)
native or p-bromophenacyl bromide (p—-BPB) treated Naja nafa kaouthia CTX (10 uM).

Neutral Lipids
Py o.t} FFA IG CHE
(% Distribution; mean + SEM; n=3)
Control Patient

No CTX 82+1 0.2+0.2 0.0+40.0 16+1 2.140.2

p-8PB CTX 67+4b 2.240.80 9,340,094 20+3 0.9+40.1¢c
native CTX 70424 3.9+40.3¢ 8.0+1.09 1841 0.2+0.2¢9
MH Patient

No CTX 69+1 0.0+0.0 0.0+0.0 2841 2.8+40.2

D—-8BPB CTX 66+1 3.7+0.3°® 6.0+0.4¢ 22422 2.3+0.1

native CTX 7112 4_.140,0¢ 6.9+0.4¢ 1741cs8 0 2+0, 10

(continued on next paye)
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(continued from previous page)

Phospholipids
LPC SM PC Pl PS Pe PA cL
(% of Phospholipid Labeled)
Control Patient

No CTX 0.040.0 2.3+0.1 60+1 4.4+0.1 5.2+0.1 20+t 1.2+40.1 7.340.1
p-BPB CTX 0.0+0.0 2.0+40.% 62+2 2.4+0.5% 3.1+0.4% 2041 1.1+#0.6 9.2+1.3
native CTX 0.0+0.0 2.2+40.1 63+1 2.6+0.4 3.4+0.5 1940 1,4+40.1 7.9+40.8
MH Patient

No CTX 0.0+0.0 2.540.3 63+0 3.3+0.8 4.0+0.4 16+1 1.740.2  9.2+40.4
p-BPB CTX 0.040.0 2.7+0.2 60+1 5.140.2 5.0+0.4 14+0 2,940.1¢ 1042
native CTX 0.0+40.0 2.740.3 63+1 4.5+0.5 5.3+0.2 1441 1.8+40.23¢ 9.3+1.0

Abbreviations: PL, phospholipid; DG, diacylglyceride; FFA, free fatty acid; TG,
triacylglyceride; CHE, cholesterol aesters; ori, origin; LPC,
lysophosphatidylcholine; SM, sphingomyalin; PC, phosphatidylicholine; PI,
phosphatidylinositol; P35, phosphatidylserine; PE, phosphatidylethanolamine; PA,
phosphatidic acid; CL, cardiolipin; NL, neutral lipid.

MNOVA/Scheffe
8z,05; 2=,02; ©=,01; 9=.001; *=,0001 diffarent from control.
x=> difference between CTXs.

TABLE 9. Effects of WNaja naja kaouthia CTX on 1ipid metabolism in control human
primary skeletal muscle <ell cultures from a patient with high 1level of
radiolabeling of the triglycerides. Confluent cell cultures were radiolabeled to
equilibrium with 1inoleic acid (3 cdays). Cultures (35 mm dishes) wera then
incubated at 37°C for 2 hrs with or without (control) native or p~bromophenacyl
bromide (p-8PB) treated Naja naja kaouthia CTX (10 uM).

Neutral Lipids

PL G FFA 16 CHE

(% Distribution; mean of triplicate determinations)
No toxin 49 0.0 0.0 48 3.5
p-8PB toxin 48 1.6 2.2 47 3.3
native toxin 43 2.0 3.2 45 1.7

Note: Implies tha*t the effaects on TGs are not related to amount of TG present.

Phospholipids
LPC SM PC PI P3 PE PA cL
(% of Phospholipid Labeled; mean of triplicate determinations)
LPC SM PC Pl PS PE PA CL

Ne toxin 0.0 1.2 75 8.7 5.1 8.7 1.5 1.9
p-8PB toxin 0.0 1.2 67 6.1 5.4 11 2.9 6.7
native toxin 0.6 1.0 63 5.0 5.6 12 3.1 10
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TABLE 10. Effects of Naja naja atra CTX on 1ipid metabolism in human primary
skaletal muscle cell cultures from & patient with malignant hyperthermia.
Confluent cell cultures were radiclabeled to equilibrium with 1linoleic acid (3
days). Cultures (35 mm dishes) were then incubatad at 37°C for 2 hrs with or
without (control) native or p-bromophenacyl bromide (p-BPB) treated Naja naja

atra CTX (10 uM).
Neutral Lipids

48 e} EFA 16 CHE
(% Distribution; mean + SD; n=3)
No CTX 70+43  0.0+0.0  0.040.0 2843  1.740.3
p-BPB CTX 50+2 4.4+0.7 1441 30+4 1.840.8
native CTX 1741 4,040.3 55+7 2246 1.8+41.6
Phospholipids
LPC SM PC PI PS PE PA. cL

(% of Phospholipid Labeled)

No CTX 0.0+0.0 2.8+0.7 6846 3.5+0.3 4.5+0.7 1243 2.240.2 7.2+#2.4
p-8PB CTX 0.0+40.0 3.1+40.8 61+2 4.,440.4 5,7+40.2 13x1 2,2+2.0 10.6+0.6
native CTX 13 10 32 8.6 6.6 11 0.0 18

TABLE 11. Effects of Naja naja kaouthia CTX on 1ipid metabolism in human primary
skeletal muscle cell cultures. Examples of two types of response to the toxin are
indicated based on cultures from two different patient populations, one of which
has a skeletal muscle disorder that results 1in altered 1lipid metabolism.
Confluent cell cultures were radiclabeled to equilibrium with 1inoleic acid (3
days). Cultures (35 mm dishes) were then fncubated at 37°C for 2 hrs with or
without (control) native or p-bromophenacyl bromide (p~BPB) treated Naja naja
kaouthia CTX (10 uM).
Neutral Lipids
n PL ;] FFA TG CHE
(% Distribution; mean + "SEM)

Control

No toxin 4 80+2 0.05+40.05 0.18+0.12 1842 2.1+0.6
p—-BPB toxin 4 T74+2 3.640.3b 8.1+1,.10 1642 1.1+0.6
native toxin 4 72+1%  3.640,3b 6.6+40.6% 17+1 0,7+0.4

spifferent from no toxin (P<.05) by 1-way ANOVA and Scheffe test.
bDifferent from no toxin (P<.001) by 1-way ANOVA and Scheffe test.

MH_susceptible (Note: since n=2, no statistical tests done)

No toxin 2 7647 0.00+40.00 0.00+0.00 2247 2.4+0.4
p-BPB toxin 2 7246  3.5+0.3 6.040.0  18+5 1.8+0.6
nativa toxin 2 7746 4.140.1 6.240.8 1245 0.3+0.1
Phospholipids

n=4 LPC SM PC PI PS PE PA CL

(x of Phospholipid Laheled; mean + SEM)
Gontrol
No toxin 0+0 2.640.1 6442 040.2 4.6+0.4 1542 1141
p—8PB toxin (+0 2.840.4 62+2 3.3+0.4 4.3+0.5 1542 13+1
native toxin 0+0 2.640.4 6332  3.8+0.7 4.6+0.4 1542 1142
Note: "n” refars to number of patients. The value for each patient was derived

from the mean of three detarminations.
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TABLE 12. Effects of Maja naja kaouthia CTX on 1ipid metabolism in equine primary
skeletal muscle cell cultures. Confluent c¢ell cultures were radiolabeled to
equilibrium with 1inoleic acid (3 days). Cultures (35 mm dishes) were then
incubated at 37°C for 2 hrs with or without (control) native or p-bromophenacyl
bromide (p-BPB) treated Naja naja kaouthia CTX (10 uM).

Neutral Lipids
PL u.c} EFA 16 CHE
(x Distribution; mean of triplicate determinations)
Normal Horses

No toxin

Herse % 1 82 0.0 0.0 17 0.8
Horse # 2 92 0.0 0.0 7.8 0.6
p-8PB toxin

Horse # 1 76 2.8 2.6 19 0.3
Horse # 2 86 2.6 4.3 6.7 0.5
native toxin

Horse # 1 75 2.7 4.2 18 0.8
Horse # 2 - - - - -

Hyperkalemic Periodic Paralysis Horse
PL Ju.c} A IG CHE

(x Distribution; individual values for duplicate determinations)
No toxin €6;70 0.0;0.0 0.0;0.0 34;28 0.0;1.3
p-8PB toxin 58;70 0.0;0.0 3.8;2.1% 36;27 1.8;1.0
native toxin 63;68 0.0;0.0 1.9;2.9 29:28 1.1;0.0
Phospholtipids

Normal Horsa
LPC SM pC PI PS PE PA cL
(x of Phospholipid Labeled; mean of triplicate determinations)

No toxin

Horse # 1 0.0 0.8 53 8.9 6.0 20 12
Horse # 2 0.0 0.7 59 8.7 5.7 17 11
p-8PB toxin

Horse # 1 0.0 0.0 56 9.0 5.5 19 10
Horse # 2 0.0 0.8 61 8.2 5.8 15 11
native toxin

Horse # 1 0.0 0.0 54 2.9 5.8 21 11
Horsa # 2 0.0 - - - - - -

Hyperkalemic Periodic Paralysis Horse

LPC SM PC PI PS PE PA cL
(X of Phospholipid Labeled; individual values for dupiicate determinations)
No toxin 0;0 2.5:2.3 50;50 6.4;7.5 5.5;6.3 26;24 6.5:;6.0 2.9:4.2
p—8P8 toxin 0;0 2.3;1.3 57;52 4.2;4.2 4.8;6,2 20;24 7.1;8.3 4.8;3.9
native toxin 0;0 1.6;1.7 49;51 6.8:;6.2 6.4:;4.7 22:;23 8.7;8.9 5.4:;4.3
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TABLE 13. Effects of bee venom melittin on 1lipid metabolism 1in human primary 4§
skeletal muscle cell cultures. Examples of two types of responses to the toxin are
indicated based on cultures from two different patients, one of which has & §
skeletal muscle disorder that results in altered lipid metabolism. Confluent cell 3}
cultures were radiolabeled to equilibrium with linoleic acid (3 days). Cultures (3%
mm dishes) wera then incubated at 37°C for 2 hrs with or without (control) synthetic
or p-bromophenacyl! bromide (p-BPB) treated Sigma melittin.

Neutral Lipids
PL jue) EFA 16 CHE
(x Distribution; mean of duplicate/triplicate)
Melittin (2 uM)

Control
No toxin 73 0 0 26 1.2
p—BPB toxin (Sigma) 73 4.3 7.3 15 0.4
synthetic toxin 73 4.0 4.9 17 1.4
MH Susceptible
No toxin 57 0 1} 43 0.4
p-8PB toxin (Sigma) 61 2.8 10 26 0.4
synthetic toxin 57 3.1 8.3 30 1.0
Melittin (10 uM)
gontrol
No toxin 73 0 0 26 1.2
p-BPB toxin (Sigma) 61 8.5 24 6.8 0.0
synthetic toxin 75 7.0 9.5 7.5 0.6
Phospholipids
LPC SM PC PI PS PE PA cL
(x of Phospholipid Labeled)
Melittin (2 uM)
Contro)
No toxin 0.6 2.1 61 5.3 4.9 13 10
p-BPB toxin 0.3 2.3 57 5.4 5.4 17 13
synth. toxin 0.0 2.8 58 5.4 5.2 16 13
MH Susceptible
No toxin 0.0 1.5 63 6.0 5.7 1 7.5
p~-BPB toxin 0.0 1.9 60 6.3 7.3 18 9.1
synth. toxin 9.0 1.7 83 5.7 8.8 14 9.1
Malittin (10 uM)
Control
No toxin 0.6 2.1 61 5.3 4.9 16 10
p-BPB toxin 0.0 3.2 53 7.8 7.0 17 12
synth. toxin 0.0 2.6 59 6.1 5.1 18 9.6
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TABLE 14. Fruoe fatty acid release from aged red blood cells incubated with various’
snake venom toxins in a Ca?* or Sr2+ containing medium

Free Fatty Acid

Toxin Conc, 14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:4
Caz+  (uM) (pmol/mg RBC protein; mean+SD)
None - 12+ 3 144+15 10+ 9 101+11 123+ 17 30+ 11 8+ 0 14+ 5

BVPLA2 1 19+ 2 433#49 50+18 161+75 1681+ 74 1602+ 56 25+10 32824334
SVPLA2 1 27+ 5 515447 40+ 7 129415 1940+198 1971+166 23+ 3 39114410
NnkCTX 30 16411 146+47 3+ 4 99411 165+ 19 99+ 15 8+ 2 222+ 37
NnaCTX 30 20+16 168+ 2 19413 117442 681+ 44 623+108 13+ 0 1430+123
NnkCTXB 30 9+ 2 103+12 6+ 2 80+10 88+ 30 23+ 10 7+ 2 19+ 19
NnaCTXB 30 10+ 1 110£31 4+ 1 86410 74+ 28 20+ 10 7+ 2 12+ 6

TABLE 15. Effects of time to complete extraction and EGTA aadition on PLA2 activity 3
results using ULVs and buffer containing Ca2* 0 mM and NaCl 0 mM., Note that.
immediate complete extraction is required.

Incubations start Incubations start

(PLA2] and at T=0, extracted at T=0, EGTA to stop Incubations extracted
Timg incubated at T=4 hrs® extracted at T=4 hrst immediatelyc ;
% Hydrolysis?
10 nM
1 hr 17.9 6.2 10.7
2 hr 32.9 8.6 11.1
3 hr 44,2 7.0 11.6
4 hr 20.9 16.0 10.7
100 nM
1 hr 44.4 19.8 27.3
2 hr 41.3 19.2 32.0
3 hr 33.5 18.1 30.1
4 hr 28.5 24.0 31.9
1000 nM
1 hr 86.7 28.0 45.8
2 hr 82.5 31.4 47.9
3 hr 74.9 30.5 52.3
4 hr 56.7 53.4 52.3

2The incubations were all started at the same time. Methanol was added after the 7
designated 1incubation period to stop the reaction. All the incubations were : |
extracted i
4 hrs after they had bagun. .
bThe incubations were all started at the same time. EGTA (10 mM) was added afte
the 3
designated incubation period to stop the reaction. All the incubations were:
axtracted i
4 hrs after they had begun.
¢The incubations ware all started at the same time. A1l the 1ncubations wer
extracted
immediately after the indicated incubation period.
dvalues are the average of duplicate incubations.
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TABLE 16. Hydrolysis of ULVs by Naja naja atra PLAz. Levels of hydrolysis ar¢ |
stable for 1 to 4 hrs at the concentrations below. Substrates #1 and #2 ar¢
identical, except that they were made on different days. A

X Hydrolysis

Concentration Ca2*(2 mM) NaC1(130 mM) Ca2* (0 mM) NaCl(0 mM)
Substrate #1
10 nM 20 11 )
100 nM 31 20
1 UM 65 46
3 UM 19 -
Substrate #2
3 uM 69 -
3 uM (bee venom) 85 -

TABLE 17. Dose~hydrolysis relationship for higch concentrations of Naja naja atr.
PLA2 using ULVs, CaZ* 2 mM, NaCl 130 mM, 2 hr, 37°C.

Concentration % _Hydrolysis
1 uM 55.0
5 uM 64.4
10 M 68.8

TABLE 18. Effects of BSA (0.5X) on hydrolysis of ULVs by Naja naja aira PLA2.

PLA2 X Hydrolysis
Congentration No BSA BSA 5%
1 nM 10 32
10 nM 13 34
100 nM 24 52

1 uM 60 65
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TABLE 19. Effects of BSA, Ca2* and NaCl on the interaction between snake venom
PLA2 (10 nM) and 1 and 10 uM concentrations of p-BPB-treated cardiotoxin (Naja
naja kaouthia). PLA2 was present under all conditions.

[CcTX uM] [BSA %1 [Ca2* mM] [NaCl mMl % Hydrolysis
0 0 0

0 13

130 12

2 ] 20

130 18

1 0 0 32
130 17

2 0 . 36

130 36

10 0 0 46
130 13

2 0 53

130 52

0 0.5 0 0 28
130 24

2 0 45

130 41

1 0 0 31
130 25

2 0 39

130 42

10 0 0 23
130 14

2 0 68

130 67

TABLE 20. Effects of neostigmine (4 or 10 uM) and nonradiolabaled choline (10
uM) on 14C-choline and '4C-acetylcholine relesase from rat brain synaptosomes.
Following a 30 min '4C-choline (10 uM) uptake period (37°C), highly purified
synaptosomes were incubated for 5 min at 37°C with or witnout B-bungarotoxin
(B-Butx; 1 uM) and radiolabaled choline and acastylcholine in the supernatant
subsequently determined by radioimaging scanning of a TLC plate.

Concentration of Agent in uM | Control : B-Butx
choline neostigmine ' Ach ch Ach _Ch
: Counts , Counts
10 0 ' 841 503 ! 396 431
0 0 : 640 301 ' 417 302
10 4 H 733 320 ; 827 280
0 4 ' 502 123 | 594 378
10 10 : 770 430 ' 829 430
0 10 : 465 324 ' 479 3712
! mean+SD . maean+SD
10 0,4,10 : 781+55 418+ 92 | 851439 380487
0 0,4,10 . 536492 243+110 , 497+90 350+41
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TABLE 21. Time course of '4C-choiine and '4C-acetylcholine release from rat
brain synaptosomes. Following a 30 min ‘'4C-choline (10 uM) uptake period
(37°C), highly purified synaptosomes were incubated in the presence of choline
(20 uM) for various times at 379C with or without 9-bungarotoxin (B-Butx; 1
uM) and radiolabeled choline and acetylcholine in the su;ernatant subsequently
determined by radioimaging scanning of a TLC plata.

Counts
! Control ! B~Butx ! A2318T7 (20 uM)
Time (min) " Ach _th Ach Lh Ach _Ch
2 H 0 o ! 369 237 ' 501 842
5 : 599 354 ! 576 93 : 459 1497
10 ! 902 525 : 652 302 : 860 707
30 ! 1738 1356 : 887 1002 : 809 3862

TABLE 22. Time course of '4C-choline and '4C-acetylcholine ralease from mouse
brain synaptosomes. Following a 30 min 1'4C-choline (10 uM) uptake period
{(37°C), highly purified synaptosomes were incubated in the presance of choline
(20 uM) for various times at 37°C with or without B-bungarota. *n (8-Butx; 1
uM) and radiolabeled cholina and acetylicholina in the supernatant subsequently
determined by radioimaging scanning of a TLC plate.

Counts
: Control ! 8-Butx
Ti min ' Ach Lth Ach _th
2 ! 428 300 ' 558 632
10 ! 1094 776 ' 728 641
30 H 1383 708 : 178 1183

TABLE 23. Effects of isolation of mouse brain synaptosomes (Band 3) in the
presence of p-BPB on the time course of 1'4C-choiine and '4C-acatylcholine
release. Following a 30 min '4C-choline (10 us) uptaxe period (37°C),
fractions were incubati J for various times 1in buff2r ontaining cholina (10
uM) and neostigmine (4 upM) at 37°C with or without high K* (40 mM) and
radiolabeled choline and acetylcholine 1in the csupernatant subsequently
detarmined by radioimaging scanning of a TLC plate.

Counts
: control , High K*

Time (min) ‘ ACh Ch ACh _¢h
No p-8P8

0 J 313 320 ' 521 712

2 ' 380 379 ! 3985 660

5 : 376 532 ! 1162 721

10 ' 582 834 : 936 238

30 : 501 938 ' 843 100
p-8P8 (100 uM)

o} ' 419 245 : 374 1773

2 \ 545 414 , 1439 1218

5 . 638 524 | 1316 1692

10 J 733 1051 H 881 815

30 \ 663 1241 ' 1140 961
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TABLE 24. Time course of '4C-chcline and '4C-acetylcholine release from mouse
brain synaptosomes (Band 3). Following a 30 min '4C-choline (10 uM) uptake
period (37°C), fractions were incubated for various times in buffer containing
choline (10 uM) and neostigmine (4 puM) at 37°C with or without B-bungarotoxin
(B-Butx; 0.5 uM) cr A23187 (20 uM) and radiolabeled cholire and acetylcholine
in the suparnatant subsequently determined by radioimaging scanning of a TLC
plate.

Counts

! Control ! f-Butx ' A23187 (20 uM)

Time (min) H ACh ch ACh ch ACh _Ch
0 ! 550 477 . 456 507 , 568 464

2 ! 600 472 : 789 808 ! 374 369

5 ' 471 - ' 1078 1165 : 946 318

i0 H 488 597 N 1220 1700 ! 2508 530

30 ! 1239 2047 ' 1615 1861 : 1760 1084

TABLE 25. Test of loading conditions on subsequant release of ACh and Ch.
Synaptosomal fractions were loaded with either 10 or 20 uM '4C-choline at 37°C
(30 or 60 min) or 25¢C (6C min) and then incubated for 5 min in buffer
containing either low (2.7 mM) or high K*. Prepara.ions were centrifuged and
the radiocactivity in the suparnatants determined.

Conc. (uM) Uptake Release Release of Radiocactivity
(Counts)
14c-choline Temp (°C) Time {min) Medium [K*] ACh ch
10 37 30 low 1764 623
1258 473
20 978 470
1271 449
10 high 2430 , 730
1567 2535
20 2433 978
3145 943
10 37 60 Tow - -
20 231 414
10 hiah 683 1189
- 1482
20 212 464
295 632
10 25 60 low 443 377
594 353
20 1179 399
1169 406
10 high 501 339
565 628
20 908 719
126F 522

- - - - - - - o e i v o o e s

- Radiochromatogram unintelligible.
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TABLE 26. Effacts of S-bungarotoxin and Naja naja atra PLAz on choline uptake
in mouse brain synaptosomes. High affinity choline uptake in the presence of
toxin was compared to that in the absence of toxin and the %X of control
calculated from the means of triplicate determinations. Values are presented
as the mean of triplicate determinations or the mean + SEM(n) of experiments
run on n different preparations.

[Toxin]

(nM) B-Butx Naja naja atra PLA2
Choline Uptake (X of control)

0.001 103 104

0.01 90 -

0.1 T142(5) 91+10(4)

1 58+4(4) 82+ 9(4)

10 44 44;41

TABLE 27. ‘'4C-choline and '4C-acetylcholine release from various bands on the
Percoll gradient used to isclate mouse brain synaptosomes. Following a 30 min
te¢C-choline (10 uM) uptake period (37°3), fractions were incubated for 5 min
in buffer containing choline (10 uM) and neostigmine (4 uM) at 37°C with or
without B-bungarotoxin (8-Butx; 0.5 uM) or high K* (40 mM) and radiolabeled
choline and acetylcholine in the supernatant subsequently determined by
radioimaging scanning of a TLC plate.

Counts (mean + SE; n=3 or duplicate values)

472,522 460,454
236,499 291;270

651,508 493;552
441,267 352,253

402+40 409427
2283173 353;436

by
&UN—AE

: Control ! High K* ! f-Butx

' ACh £h ACh _th ACh _th

i 407425  456+441 | 258;253 495;554 | 345;356 426;812
i 659429  496+42 | 700:;682 607;579 | 618;604 482;371
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FIGURE 1
Hemolysis of aged (Red Cross cells past
expiration date) erythrocytes by N. n.
kaouthia and N. n. atra CTXs - effects o
divalent cations and p-BPB-~treatment. Rec
blood cells (0.5 ml packed cells in 1.0
ml incubation volume) were incubated in
HEPES 20 mM, NaCl 130 mM at pH 7.4 and
37°C for 2 hr. The buffer contained a 2
mM concentration of Ca2+, Sr2+ or Mn2+
and 30 uM toxin.

FIGURE 2
Effects of CaClz and NaCl on the
stimulation of bee venom PLA2 activity o
mixed micelle egg yolk PC substrates by
p-BPB-treated melittin. Mixed micelles
were of the same cuaposition of PC as in
Figure 1, with the addition of Triton X-
100 (4 mM). Bee venom PLA2 (Panel A = 5
nM; Panel B = 10 nM) was incubated for 3
min (37°C) in HEPES buffer with melittin
in the following concentrations (in uM):
open bars, 0; diagonal bars, 1 and;
crosshatch bars, 10. The concentrations
of CaClz and NaCl are indicated (in mM)
below each set of bars. Values are the
average of duplicate determinations. The
maximum difference between duplicates wa
4X hydrolysis.
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FIGURE 3
Influence of level of phospholipid
hydrolysis on the stimulation of bee
venom PLA2 activity in mixed micelle egg
yolk PC substratas by p-BPB-treated
melittin. Mixed micalles were of the same
composition as in Figure 6. Panel A:
various concentrations of PLA2 (1-10 nM)
wereg incubated for 2 hrs (37°C) in HEPES
buffer with CaClz (0 mM), NaCl (130 mM)
and melittin in the following
concentrations (in uM): open bars, 0;
diagonal bars, 1 and; crosshatch bars,
10. Panel B: Various concentrations of
PLA2 (1-15 nM) were incubated for 30 min
(37°C) ‘n HEPES buffer with CaClz (2 mM),
NaCl (0 mM) and melittin in the same
concentrations as 1in Panel A. Values are
the average of duplicate determinations,
The maximum difference between duplicates
was 4% hydrolysis.



FIGURE 4 !
Hydrolysis of radiolabeled L-3-PC (1-
stearoyl-2-[1-14CJarachidonyl) (10 uM) in
ULVs of egg yolk PC:Triton X-100 (1 mM:4
mM) by bee venom PLA2. The concentrations
of bee venom PLA2 used were (in nM):
circles, 10; triangles, 100; squares,
1000. Toxins were incubated for 1-4 hr at
37°C in HEPES buffer containing: (A) NaCl
(130 mM) and CaClz (2 mM), or; (B) no
NaCl or CaClz. Values are the average of
duplicate determinations, both of which
are contained within the symbol.

FIGURE §
Effects of CaClz and NaCl on the
stimulation of bee venom PLA2 activity on
ULV egg yolk PC substrates by p-BPB-
treated melittin., ULVs were of the same
composition as in Figure 1. A fixed
concentration of PLA2 (1000 nM) was
incubated for 2 hrs (37°9C) in HEPES
buffer with melittin in the following
concentrations (in uM): open bars, 0;
solid bars, 1; left diagonal bars, 5;
crosshatch bars, 10 and; right diagonal
bars, 30. The concentrations of CaClz and
NaCl are indicated (in mM) below each
set of bars. Values are the average of
duplicate determinations. The maximum
difference between duplicates was 4%
hydrolysis.
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FIGURE 6
Stimulation of low concentrations of bee
venom PLA2 activity on ULV egg yolk PC
substrates by p-BPB-treated melittin.
ULVs were of the same composition as in
Figure 1. Various concentrations of PLA2
(1-100 nM) were incubated for 2 hrs
(37°C) 1in HEPES buffer with CaClz (2 mM),
NaCl (130 mM) and melittin in the
following concentrations (in pM): open
bars, 0; diagonal bars, 0.1: crosshatch
bars, 1 and; solid bars, 10. Values are
the average of duplicate determinations.
The maximum difference between
duplicates was 3% hydrolysis.

FIGURE 7
Effects of CaClz and NaCl on the
stimulation of submicromolar
concentrations of bee venom PLA2 in ULV
and MLV egg yolk PC substrates by p-B8PB-
treated melittin. ULVs (Panel A) and MLVs

(Panel B) were of the same compositicn as
in Figure 1. Bee venom PLAz was incubated
for 2 hrs (37°C) in HEPES buffer with
melittin in the following concentrations
(in uM): open bars, PLA2z = 0.03 and
melittin = 0; solid bars, PLAz = 0.03 and
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melittin = 20; diagonal bars, PLA2 = 0.3
and melittin = 0; crosshatch bars, PLA2

= 0.3 and melittin = 30. The
concentrations of CaClz and NaCl arse
indicated (in mM) below each set of bars.
Values are tha average of duplicate
determinations. The maximum difference
between duplicates was 4% hydrolysis.
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FIGURE 8

Concentration~-dependence of p-BPB-treated
CTX and bee venom PLA2 interaction.

ULYs, NaCl 130 mM, CaClz 2 mM, 37°C, 2
hr. Mean + SD (n=3).
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FIGURE 9
Concentration-dependence of p-BPB-treated
CTX (A) or melittin (B) and snake venom
PLA2 interaction. ULVs, NaCl 130 mM,
CaClz 2 mM, 37°C, 2 4r.
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FIGURE 10

100 Effects of CaClz and NaCl on the
stimulation of 1 uM concentration of
80 ¢ snake venom PLA2 in ULV egg yolk PC
«n B804 substrates by p-BPB-treated CTX. ULVs
‘w04 were of the same composition as in
> 60 | . Figure 1. Snake venom PLA2 was incubated
o ’ Al for 2 hrs (37°C) in HEPES buffer with CT
St SO—L ‘ i 1 L in the following concentrations (in pM):
,g 404 3 : :;“ open bars, 0; solid bars, 1; diagonal
an! 04 N (0 ) bars, 5; narrow crosshatch bars, 10; wid
ae : Sty crosshatch bars, 30. The concentrations
20‘{ AF of CaClz and NaCl are indicated (in mM)
107 § ‘ - below each set of bars. Values are the
0 7 WM |18 [ 18l averzge of duplicate determinations. The
ca2t 0 ca2* 0 ca2t2 cCa2t2 maximum difference between duplicates wa
NaCl 0 NaCl 130 NaCl 0 NaCl 130 4% hydrolysts,
FIGURE t1
100 i Effects of BSA on bee venom PLA2 activity
el R e I W in ULV egg yolk PC substrates. ULVs were
n 80 PLA, + BSA of the same composition as in Figure 1.
‘w70 rs various concentrations of PLA2 (10-10G0
2 60 r N nM) were incubated for 2 hrs (37°C) in
S 50 S HEPES buffer with CaClz (2 mM) and NaCl
E 40 N (130 mM). The open bars denote PLAz alone
T, N and the diagonal bars indicate the
4 '20 X addition of BSA (0.5%). Values are the
N average of duplicate determinations. The
1o \E maximum difference between duplicates was
0 > 2% hydrolysis.
100 1000
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